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Abstract
Wilkins, Mary Elaine. Ed.D. The University of Memphis. May/2012.
The PRAXIS I Math Study Guide Questions and the PRAXIS I Math Skills Test
Questions: A Statistical Study. Major Professors: Laura Casey and Sandra CooleyNichols.
In 2001, No Child Left Behind introduced the highly qualified status for k-12
teachers, which mandated the successful scores on a series of high-stakes test; within this
series is the Pre-Professional Skills Test (PPST) or PRAXIS I. The PPST measures basic
k-12 skills for reading, writing, and mathematics. The mathematics sub-test is a national
concern because some American high school students may graduate with basic math
skills deficits that may prohibit their performance on the PPST. One approach to
understanding this national concern is to explore the PPST preparation materials. This
study focused on the numbers and operations, Algebra, Geometry and measurement, and
data analysis and probability categories found within the study guide questions and test
questions to statistically address the categorical reading ease and grade level means for
the PPST study guide (basic) math skills questions and the PPST (basic) math skills test
questions. The purpose of this study was to analyze the effectiveness of the PPST study
guide questions when compared to the PPST (basic) math skills test questions. The math
test was selected because on the reading, grammar, and math portions of the PPST basic
skills test, across demographic groups tested, the math score is reflective of lower scores
earned. To enhance learning, it is hypothesized that study guide questions should be more
complex than test questions are; this hypothesis is based upon low-road transfer of
knowledge and high-road transfer of knowledge. Involving only ETS questions, the oneway ANOVA and Scheffé method examined this theory. The sample consisted of 320
questions, 200 questions were eliminated because of duplication and 10 questions were
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removed due to categorical contamination. One hundred and ten questions remained in
the study. The statistical results revealed no significance (differences) between the study
guide questions and the test questions for numbers and operations, Algebra, and
Geometry and measurement. The data analysis and probability questions were eliminated.
Statistical evidence supports the position that a low-road knowledge of transfer exist
between the PPST math study guide questions and the PPST basic math skills test
questions.
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CHAPTER 1
INTRODUCTION
Educational Testing Service (ETS) publishes the PRAXIS I, Pre-Professional
Skills Test (PPST). As a combined assessment, the PPST measures basic skills in
reading, writing, and mathematics. Although each of the three sub-tests has an impact on
individuals seeking entry into teacher education programs, the focal point for this
research is the mathematics sub-test and study guide published by ETS. The reason for
selecting the mathematics sub-test is the national concern that perhaps some American
high school students may graduate with basic math skills deficits that may prohibit their
performance on post-secondary, basic math skills assessments (Dobbs, 2004; Hoyt, 1999;
Kortering, deBettencourt & Braziel, 2005; Lattimore, 2005; Nasir, 2008; Sheppard,
2006). However, this societal knowledge may not be the exclusive reason why some
individuals who employ the PPST study guide to prepare for the PPST (basic) math skills
test do not earn an acceptable score on this assessment.
Regardless of the explanations for the unsuccessful attempts to earn an acceptable
score on this assessment, this research is primarily important to PRAXIS I mathematics
test takers who are struggling with earning acceptable scores. The secondary audience for
this research study includes colleges and universities with teacher education programs
because unacceptable scores on this (basic) math skills test may negatively affect
retention goals.
Background of the Study
The reason why some high school graduates have such pronounced basic math
skills deficits seems to elude the American public. Scholarly debate about this topic
varies between teachers with inadequate training, poorly designed textbooks, weakened
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state-dictated curriculum standards, too much attention paid to standardized math test
scores, and mathematical illiteracy (Ladson-Billing, 1997). Other scholarly views suggest
that the time span between graduating from high school and taking a basic math skills test
may affect the performance. Another important consideration is the association between
African American test-takers and lowered PPST math scores (Nettles, Scatton, Steinberg,
& Tyler, 2001; Mikitovics & Crehan, 2002).
Padilla (2011) asserted, “The ACT College Readiness report finds that 57% of
American high school students don’t meet the requirements for entry-level college math
courses” (para. 6). Results from the 2006, Program for International Student Assessment
(PISA) reported, “Out of 30 industrialized countries, America’s top math students ranked
25th …and by the end of 8th grade, U.S. students are two years behind in the math being
studied …in other countries” (“Statistics on American K-12 Public Education,” n.d., para.
3). Greene, Herman, and Haury (2000) contended, “The 8th grade mathematics
curriculum in the U.S. seems comparable to the average 7th grade curriculum for other
participating countries, putting U.S. students a full year behind their global counterparts
at age thirteen” (p. 3).
While being inclusive of various perspectives, these debates ultimately arrive at
the same conclusion, which is, a percentage of American high school students graduate
with a basic math skills deficit. For those graduates seeking admission into a college or
university teacher education program, the problem intensifies as related by Schiller and
Muller (2003) “…the mathematics courses students take in high school affect their
academic achievement and their admission to competitive postsecondary schools and
professional programs” (p. 300).
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Because individuals cannot obtain entry into a teacher-education preparation
program without earning acceptable scores on the PPST (basic) math skills test, the
classification for this test is high-stakes. Phelps (2005) defined a high-stakes test as
having “positive or negative consequences…Examples of such consequences include
promotion/retention decisions for students” (p. 25).
Another important consideration is what defines basic math skills. According to
Nettles et al. (2011), the PPST mathematics sub-test focuses “…on content learned in
high school or so-called basic skills…” (p. 52). Because the development of basic math
skills occurs at the elementary and secondary levels, the high-stakes PPST (basic) math
skills test centers its attention on the national mathematics curriculum standards. The
national standards are inclusive of a high school graduate being able to demonstrate
mastery in algebraic, numerical, and proportional reasoning, along with being able to
demonstrate geometric and measurement understanding, and the ability to work with and
interpret data (Flowers, Browser, & Ahlgrim-Delzell, 2006).
The American public definition of basic math skills and the scholarly
interpretation of basic math skills may vary because some members of society may
possibly confuse basic math skills with consumer math skills. Although intertwined with
basic math skills, the skill set for consumer math has a different purpose: consumer math
addresses such variables as cost of living, vehicle and home purchases, insurance,
budgets, and checking accounts (“Mathematics - Consumer Math,” n.d., para. 5). When
conceptualizing the phrase, some test-takers may assume basic math implies the ability to
perform addition, subtraction, multiplication, and division tasks, and these test-takers do
not make the association between basic math skills and data analysis, algebraic formulas,
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and geometric measurements. These two polarized interpretations of basic math skills
accentuate the importance of the PPST math study guide questions for the PPST (basic)
math skills test.
Statement of the Problem
The problem addressed in this study is: what is the categorical reading ease and
grade level means for the PPST study guide (basic) math skills questions and the PPST
(basic) math skills test questions? (McKeough, Lupart, & Marini, 1995).
Purpose of the Study
The purpose of this research study is to analyze the effectiveness of the PPST
study guides questions when compared to the PPST (basic) math skills test questions. The
math test was selected because on the reading, grammar, and math portions of the
PRAXIS I basic skills test, across demographic groups tested, the math score is reflective
of lower scores earned (Nettles et al., 2011).
While there are numerous scholarly debates as to why the basic math skills test
scores are lower, this research seeks to statistically analyze the categorical reading ease
and grade levels of the PPST study guides for the math questions and the PPST (basic)
math skills practice tests. Furthermore by examining these questions, this research study
will provide insight to the effectiveness of the PPST math, study guide questions for
individuals seeking to prepare for the PPST (basic) math skills test.
This research study will seek to determine to what extent the ETS study guide
questions utilize the transfer of learning theory when the study guide questions are
statistically compared with the actual PPST (basic) math skills test questions (Smith,
Desimone, & Ueno, 2005).
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Research Questions
The following research questions will be examined:
1. For numbers and operations, what is the mean of the grade level for the
math study guide questions and the math test questions?
2. For Algebra, what is the mean of the grade level for the math study guide
questions and the math test questions?
3. For Geometry and measurement, what is the mean of the grade level for
the math study guide questions and the math test questions?
4. For data analysis and probability, what is the mean of the grade level for
the math study guide questions and the math test questions?
5. For numbers and operations, what is the mean of the reading ease for the
math study guide questions and the math test questions?
6. For Algebra, what is the mean of the reading ease for the math study guide
questions and the math test questions?
7. For Geometry and measurement, what is the mean of the reading ease for
the math study guide questions and the math test questions?
8. For data analysis and probability, what is the mean of the reading ease for
the math study guide questions and the math test questions?
Significance of the Study
In 2011, ETS published a report detailing a qualitative study conducted at seven
colleges and or universities with teacher education programs. In these qualitative
interviews conducted with faculty members and students, the ETS team discovered that
mathematics textbooks were preferred to the ETS study guides and other supplementary
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materials by test-takers preparing for the PPST (basic) math skills test (Nettles et al.,
2011). Although this perspective was acknowledged by ETS, these perspectives were not
quantitatively explored.
Through this research study, attempts will be made to quantitatively analyze the
mean reading ease and mean grade level of study guide questions and the basic math
skills test questions to determine if a significant difference exists.
Definition of Key Terms
The following definitions are provided to establish consistency and understanding
of these terms throughout the study. The researcher developed definitions not
accompanied by a citation.
Academic, scholarly definition of basic math skills. The national standards are
inclusive of a high school graduate being able to demonstrate mastery in algebraic,
numerical, and proportional reasoning, along with being able to understand and relate
geometric and measurement understanding, and the ability to work with and interpret
data (Flowers et al., 2006).
Academic literacy. It is also known as mathematical literacy. Includes
“representation…manipulation…reasoning and…problem solving,” which when
mastered by increases the student’s ability to perform math at a “…technological
level…to better understand the … values that support understanding math, and to be able
to effectively …communicate math knowledge using comprehension skills” (Pugalee,
1999, pp. 20-21).
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Criterion-Referenced. The PPST math skills test is a criterion-referenced test, and
the scores “are to be construed as examinees’ level of competence as it compares with the
ideal or standard of demonstrated knowledge” (Mikitovics & Crehan, 2002, p. 218).
Flesch reading ease. The formula used to determine the reading ease of each
question.
Flesch-Kincaid grade level. The formula used to determine the grade level of
each question.
Harmonic mean. “The harmonic mean of a set of numbers is an average
value…The reason the harmonic mean appears in the formula…is that the variance of
each cell mean is proportional to the reciprocal of the number of participants in that cell”
(Maxwell & Delaney, 2004, p. 323).
High-road knowledge transfer. According to Perkins and Salomon (1989), highroad transfer entails the “deliberate, mindful abstraction of skill or knowledge from one
context for application in another” (p. 25). McKeough et al. (1995) asserted that “…the
high road knowledge transfer places attention on deep and explicit understanding of
training tasks” (p. 9).
High-stakes test. Phelps (2005) defined a high-stakes test as having “positive or
negative consequences…Examples of such consequences include promotion/retention
decisions for students” (p. 25).
High-road study guide. This research defines a high-road design as one in which
the study guide questions present content at a higher level of understanding than the
mastery level for the test questions have. A high-road study guide is reflective of active
learning. “Active learning emphasizes the intrinsic motivation and self-sponsored
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curiosity of the learner who fashions content and is actively involved in its formation”
(Leonard, 2002, p. 147).
Low-road knowledge transfer. Focuses on “extensive practice and automatization
on training tasks…although low-road learning can result in fast attainment of transfer, the
resulting transfer tends to be very limited in scope and flexibility” (McKeough et al.,
1995, p. 9).
Low-road study guide. This research study defines a low-road study guide as one
having an equivalent correlation between the study guide questions and the test questions
(Harper & Maheady, 2007). A low-road study guide aligns with passive learning because
the student memorizes content, studies specific questions that are direct representations of
the actual test questions, and uses rote memorization skills to be successful on the test
(Duchastel, 1983a, b).
Mathematical literacy. It is also known as academic literacy. Includes
“representation…manipulation…reasoning and…problem solving,” which when
mastered by increases the student’s ability to perform math at a “…technological
level…to better understand the … values that support understanding math, and to be able
to effectively …communicate math knowledge using comprehension skills” (Pugalee,
1999, pp. 20-21).
No Child Left Behind (NCLB). Under the George W. Bush’s administration, a
federal law was passed, known as the No Child Left Behind Act of 2001 (Smith et al.,
2005). The intent of this law is to hold primary and secondary schools accountable for
higher standards. Standardized testing is used to measure a school’s progress. The goal of
the measurement is to assess the progress made towards the 2014 deadline of having

8

100% of students, including students with Special Needs or those from disadvantaged
backgrounds, to achieve the state standards in math and reading (Books, 2004).
PRAXIS I, PPST. Educational Testing Service (ETS) publishes the PRAXIS I,
Pre-Professional Skills Test (PPST). As a combined assessment, the PPST measures
basic skills in reading, writing, and mathematics.
Sobolsoft. A software program that identifies duplicated text.
Teaching to learn. As a model, teaching to learn prepares learners to explore
knowledge at the highest level of understanding (Singer, 2003).
Teaching to the test. In 2001, many schools began a teaching to the test model to
meet the NCLB state standards in reading and math (Smith et al., 2005). This model is
based upon rote memorization and extensive practice of identical problems presented on
the test (Danielson, 2002).
Theory of identical elements or components. Mangal (2008) defined it as being
“…the transfer – positive or negative from one situation to another is possible to the
extent that there are common or identical elements in the situations” (p.135).
Transfer of learning theory. Is inclusive of the modes of learning, which are
accretion, structuring (and or restructuring), and tuning. These three modes represent the
factors required for effective study guide developments. These factors are the entry of
new knowledge (accretion), metacognition (structuring or restructuring), and how the
introduction of advanced knowledge leads to high performance achievement (tuning)
(Perkins & Salomon, 1992).
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Limitations
There are several limitations to this study. Firstly, if each category does not have
an equal quantity of questions presented in the math study guides and the math tests this
may be a problem when analyzing the data (Ross & Horn, 2003). Second, a limitation
may occur if the ETS Study Guide questions duplicate across separate publications.
Utilization of the Sobolsoft duplicate lines and words identifier for multiple text files
addresses the repetitive and duplicate questions limitation.
Thirdly, the foundation for the statistical comparison between the reading ease
and grade level for the ETS study guide questions and the ETS actual test questions limits
this research study. To address this, the formulas for reading ease and grade levels, the
Flesch Reading Ease and Flesch-Kincaid Grade Level scoring methods were selected
because these two scoring processes apply to adult learners (Singer & Dolan, 1980). The
implication of using the Flesch Reading Ease and Flesch-Kincaid Grade Level formulas
is that the calculations may not be inclusive of the necessary considerations for adult
learners with learning differences or disabilities. Because of this consideration, it may be
difficult to generalize the findings to include all learners.
Delimitations
The boundaries for the scope of this research are:
1. This study only employs the ETS Study Guide math questions for the ETS
PPST (basic) math skills test questions. The reason for this delimitation is that
ETS publishes the PPST (basic) math skills test, which suggests that the ETS
Study Guide for this test should reflect a more advanced set of characteristics.
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2. Because the ETS Study Guide for (basic) math skills questions should
determine a national standard for the types of questions that other study guide
publishers distribute, a homogenous discussion relating to other distributors
for a study guide for the PPST (basic) math skills test and the actual ETS
Study guide for (basic) math skills is not inclusive.
3. Only the questions from the ETS, PPST (basic) math skills study guides and
tests are inclusive because ETS parents the PPST.
Assumptions
Because the scoring range for the PPST (basic) math skills test is between 150
and 190, the perception does exist that test-takers should be able to answer the
appropriate amount of questions correctly to earn admission into their desired teacher
education programs. As a high-stakes test, the criterion-referenced design of the ETS,
PPST (basic) math skills test takes into consideration that each score is independent of
other scores; however, the educational background of each test taker may have not been
inclusive of all the variables defined by academic literacy and or mathematical literacy
(Pugalee, 1999).
Teaching to the test as a derivative to attain the NCLB mathematics standards
during elementary and secondary grade levels perhaps affected the mathematical literacy
of post-secondary students attempting to earn acceptable scores on the PPST (basic) math
skills test (Pugalee, 1999). There may also be a disparity between the public definition of
basic math skills and the academic, scholarly definition. Finally, the ETS Study Guide
math questions may positively impact the scores on the PPST (basic) math skills test by
presenting study questions that remain constant with the actual test questions (low-road
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design) or present more difficult study questions (high-road design) than the difficulty
level of the actual test questions (Mangal, 2008).
Summary
In Chapter 1, the focus of this research study being the PPST (basic) math skills
study guide questions and the PPST (basic) math skills test questions is presented. The
related literature discussion and the theoretical framework are discussed in Chapter 2
(Mangal, 2008; Perkins & Salomon, 1992). The research design and methodology, along
with the suggested data collection methods, data analysis techniques, and research quality
is presented in Chapter 3. In Chapter 4, the results are presented. Chapter 5 is inclusive of
the discussions, conclusions, and recommendations.
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CHAPTER 2
LITERATURE REVIEW
Globally, the history of standardized testing dates to 2200 BC in China when the
Chinese government determined to administer Civil Service exams to candidates to score
the rote memorization of morality laws and customs for each candidate; between 2200
BC and 1905, the Chinese government utilized standardized testing to evaluate skills,
until the government determined to focus more on intellectual abilities versus rote
memorization skills (Zwick, 2004). In the early to mid 19th century, America and Europe
began participating in college entrance examination testing that involved oral and written
examinations; in approximately the mid-20th century, America begin to consider the
written examination as foundation for college admission and the oral interview became a
secondary source the same as an oral or written recommendations were (Zwick, 2004).
During the formative years of the American elementary and later secondary
educational systems, laws did not exist that prohibited one from simply deciding to teach;
the only requirement was to produce a school attendance record, and there were many
teachers employed with only an elementary education (Cohen & Scheer, 1997). In the
early 20th century, the importance of requiring teachers to meet specific qualifications
was recognized. In an effort to establish rules, regulations, and policies, states divided
educational territories into districts. In what seems to be an afterthought, the specifics for
teacher certification were left to the discretion of each district. Some districts required
teachers to only pass a moral character interview. Many districts required a teacher to
pass a general knowledge test. A percentage of the districts not only required a future
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teacher to pass a general knowledge test, these districts also required for the teacher to
exhibit specific content knowledge (Plank & Ginsberg, 1990).
In the 1960s, some states elected to gather each district beneath a teacher quality
definition. Through the process of testing basic skills and subject knowledge, these states
sought to establish statewide criteria, which included scoring and ranking for the basic
skills and content knowledge areas. Although knowledge and content tests were used
prior to the 1960s, the scores on these tests did not prohibit individuals from entering the
teaching profession (Plank & Ginsberg, 1990).
In 1986 and 1996, reports issued by the Carnegie Task Force called for a
centralized and defined process for national teacher certification of those seeking to
become public school teachers: By the late 1990s, teacher certification through the
process of testing for knowledge using a defined score was a national occurrence, and the
National Education Association was a primary proponent of this practice (U. S.
Department of Education, 2009). From the late 1980s until the end of the 20th century,
public schools systems struggled to find a balance between high-states testing that
determined teacher competency and meeting the demands for teachers in the classroom.
Angrist and Guryan (2008) published an article discussing the rise of the ETS,
National Teacher Examination (NTE), and the article details “how the standards were
implemented that guided the hiring teachers based upon their scores on the NTE” (p.
485). However, with the introduction of No Child Left Behind (NCLB) in 2000, and its
implementation in 2001, NTE was challenged by school districts that sought a more
effective measurement tool than the NTE provided, in hopes of determining teacher
competency (Angrist & Guryan, 2008). To be in compliance with NCLB, ETS created a
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series of tests to more specifically address teacher competency standards. One of these
tests is commonly recognized as the ETS, Pre-Professional Skills Tests (PPST), and also
known as the PRAXIS I, which is a composite of three individual tests.
The purpose of PPST (PRAXIS I) is to allow future teachers to demonstrate basic
skills knowledge in the areas of reading (grammar), math, and writing (essay) before
proceeding to the PRAXIS II, content knowledge tests (Angrist & Guryan, 2008).
Without a state recognized acceptable score on all three portions of the PRAXIS I exam,
future teachers cannot move forward in a Teacher Education Program (TEP). However,
as noted by the scholarly information which follows, future teachers are experiencing
difficulties earning acceptable scores on the PRAXIS I exams.
In a scoring analysis for a pre-professional basic skills test for teacher competency
conducted in Virginia, 40% failed the math and writing sections, while 30% failed the
reading portion (Walzer, 1999). On October 3, 2001, Connecticut lowered its acceptable
math score on the PRAXIS I exam from 141 to 137: At the 141 scoring rate, only 51% of
the test takers earned acceptable scores; however, once the score was lowered to 137,
70% of the test takers earned passing scores (OLR Research Report, 2003). In September
of 2001, Chicago reported as having tested existing teachers for basic skills: Out of the
66,769 teachers tested, 2,132 failed one of the basic skills tests (O’Meara, 2003).
Challenging the high-stakes test scenario, the American Psychological
Association (APA) does not support the usage of standardized tests to assess aptitude or
achievement, especially if the test scores are the sole voice in determining whether or not
a person demonstrates competency (Goodman, Arbona, & Dominquez de Rameriz,
2008). However, in two separate court cases, the legal system determined that high-stakes

15

testing for the purpose of assessing teacher knowledge is an acceptable practice (Popham,
1992).
The ruling in the United States v. the State of South Carolina case (1977; 1978),
determined the National Teacher Examination (NTE) was found to be an acceptable
practice to determine competency. The Washington v. Davis (1976) case ruled in favor of
the Pre-Professional Skills Test (PPST) because a test only needed to demonstrate the
relationship between the teaching training program and the individual in question
(Popham, 1992).
Dr. Doug Selwyn of Antioch University interviewed future teachers about their
perceptions of the basic skills test, West-B, which the state of Washington requires. Dr.
Selwyn discovered several different and important perceptions. One student interviewed
felt that while some students are excellent test takers, these students do not have the
necessary social skills to teach. Another interviewed student felt that the sole use of the
basic skills test to deny certain individuals access to the teaching profession was wrong.
A third interviewed student expressed the opinion that basic skills tests are in direct
opposition to the individual learner approach (Selwyn, 2007).
Dr. Wakefield presented the story of “Hope,” a student in the state of Georgia
struggling to pass the reading portion of the basic skills test. This student felt that because
she was considered a slow reader, the “time clock” stood between her and the teaching
profession. After hours of psychological evaluation, it was determined that this student
had several learning disabilities (Wakefield, 2006).
However, there are opposing views that support the argument that if a future
teacher cannot successfully pass the ETS, pre-professional skills test, these individuals
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may not have the abilities to inspire k-12 students to think on higher cognitive levels. If
American K-12 students are to develop academically, school systems must hire the
brightest and smartest, post-secondary educated students as teachers (Anderson &
Hendrickson, 2007). For students to learn to think on higher levels, these students need
teachers with well above, averaged cognitive abilities (Ryan & Callahan, 2002). Strict
teacher competency standards should allow for the graduation of students who have
learned more and demonstrate a higher degree of potential capabilities, which ultimately
leads to a stronger society (Boyd et al., 2007).
No Child Left Behind (NCLB)
Since the introduction of NCLB in 2001, a nationwide effort has been underway
to prepare future teacher to meet the highly, qualified teacher definition. While each state
approaches this goal differently, states are motivated by the federal definition of a highly
qualified teacher. This federal definition is implicit in its requirement for the highly
qualified status; the teacher must hold a bachelor’s degree, hold and maintain a teaching
license in the state in which the teacher wishes to teach, and exhibit subject matter
competency (California Department of Education, 2009; Smith et al., 2005). To work
within the confines of this federal definition, many states approved a series of high-stakes
tests, if failed; these unacceptable test scores delay the progression of an individual
through a teacher education program.
Educational Testing Services (ETS)
ETS is the primary vendor for the various high-stakes tests administered to
establish teacher competency. One of the tests published by ETS is the Pre-Professional
Skills Test (PPST also known as the PRAXIS I test). The purpose of this test is to
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evaluate the basic skills for reading (grammar), writing (essay component), and
mathematics. While some test-takers labor with each PPST section to earn acceptable
scores, the most pronounced struggle is with attaining an acceptable mathematic score
(Nettles et al., 2001).
When registering for the PPST (basic) math skills test, individuals select the
colleges and or universities for scoring submission. Upon test completion, higher
education institutions receive the test scores, and based upon the state requirements,
colleges and universities determine if the individuals are eligible for admission into a
teacher education program (Nettles et al., 2011). If the score is unacceptable, individuals
may re-register for the test, monthly, and continue to take it as many times as necessary
to obtain an acceptable score. Although the ETS baseline registration cost for test-takers
is applicable for one year, there is not a fee accommodation for repeated attempts for the
PPST (basic) math skills test.
The PPST (basic) math skills test consists of 40 multiple-choice questions. These
questions evaluate content knowledge for Number and Operations, Algebra, Geometry
and Measurement, and Data Analysis and Probability (Nettles et al., 2011). The objective
of this test is to allow post-secondary institutions to appraise the math basic skills level of
test-takers seeking admission into teacher education programs, and these institutions use
scoring guidelines as determined by each state’s Department of Education.
Within the Southern Regional Education Board (SREB), sixteen states have the
option to select the PPST (basic) math skills test. These sixteen states are Alabama,
Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland, North Carolina,
Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West Virginia. Table 1 lists
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the states selecting the PPST (basic) math skills test along with each states scoring
requirements (“State Certification Testing Requirements,” n.d.).

Table 1
State Certification Testing Requirements
State
Acceptable PRAXIS I basic math skills score
________________________________________________________________________
Mississippi

169

Arkansas

171

Oklahoma

171

Louisiana

172

South Carolina

172

West Virginia

172

North Carolina

173

Tennessee

173

Delaware

174

Maryland

177

Virginia

178

The PPST (basic) math skills test has a scoring range of 150 to 190
(Nettles et al., 2011). Each participant begins the test with an allocated 150 points, and
each question (40 in entirety) is worth 1 point each. When comparing the ETS scoring
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range of 150 to 190 to the states’ requirements for an acceptable score on the PPST
(basic) math score, the notion may exist that a high school graduate should score within
the SREB’s published state requirement range of 40.0 to 70.0% answered correctly.
Another expectation is the individuality of the scores because where an individual
score falls within a ranking order is not a consideration for admission into a teacher
education program. The PPST math skills test is a criterion-referenced test, and the scores
“are to be construed as examinees’ level of competence as it compares with the ideal or
standard of demonstrated knowledge” (Mikitovics & Crehan, 2002, p. 218).
Due to the premise that the PPST (basic) math skills test is evaluating elementary
and secondary mathematic skills, it is reasonable to expect test-takers to achieve the
percentage earned of questions answered correctly. Academically, the scoring range is
realistic, and criterion-referenced tests are applicable to a socio-economic mixed
population but some test-takers continue to struggle to earn acceptable scores. One
scholarly opinion for the existence of this struggle relates to a lack of proficient
mathematical literacy skills among the testing population (Buchanan & Helman, 1997).
ETS advertises its PPST study guide as being, “…the best on demand, authentic,
trustworthy guide to the exams…This official Praxis guide comes straight from ETS-the
people who actually make the tests”; the PPST (PPST) Mathematics Study Guide is
advertised as providing, “…authentic test questions”; the PPST (PPST) Mathematics
Practice Test enticement to purchase reads, “The full-length PPST (PPST) Mathematics
Test in this book was retired by ETS after being used in actual test administrations”; and
for a 6-month subscription to the PPST Mathematics Online Tutorial, test-takers are
informed they will be able to “Practice pre- and post-tests written by ETS, the authors of
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the exam” (Educational Testing Service Store, n.d.). When reading these advertisements,
individuals may have elevated expectations for the highly, promoted role that the ETS
study guide(s) and other ETS study materials have in assisting individuals in their efforts
to prepare for the PPST (basic) math skills test.
Conceptual Framework
This research study recognizes that several variables may be precursors for the
reason why some high school graduates attempting to earn acceptable scores on the PPST
(basic) math skills test may experience difficulties. One of these variables is
mathematical literacy skills. As Pugalee (1999) points out, the attempt to classify high
school graduates as having equal mathematical knowledge is problematic because all
high school graduates may not have the same mathematical literacy skills exposure or
training. By exploring mathematical literacy skills as demonstrated by reading ease and
grade level, this research study will attempt to determine the effectiveness of the ETS,
PPST (basic) math skills study guide questions to adequately prepare test-takers for the
ETS, PPST (basic) math skills test.
This research study will examine two types of study guides identified in the
literature. The first type is a passive learning, low-road study guide (Harper & Maheady,
2007). The second type is an active learning, high-road study guide (Leonard, 2002). The
theoretical underpinning for the discussion regarding passive learning and active learning
is a result of the transfer of learning theory. Perkins and Salomon (1992) explained that
the transfer of learning theory is inclusive of the “modes of learning”…which are
“accretion, structuring (and or restructuring), and tuning” (p. 15). These three modes
represent the factors required for effective study guide developments. These factors are
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the entry of “new knowledge (accretion), metacognition (structuring or restructuring),
and how the introduction of advanced knowledge leads to high performance achievement
(tuning)…” (p. 16).
A study guide transfers knowledge by either approaching content through lowroad knowledge transfer or high-road knowledge transfer. Some researchers do not place
credence with the low-road knowledge transfer paradigm because “…although low-road
learning can result in fast attainment of transfer, the resulting transfer tends to be very
limited in scope and flexibility” (McKeough et al., 1995, p. 9). According to Perkins and
Salomon (1989), the high-road knowledge transfer seems to be the most accepted model
because high-road transfer entails the “deliberate, mindful abstraction of skill or
knowledge from one context for application in another (p. 25).
Regardless of whether a study guide has a low-road knowledge transfer or a highroad knowledge transfer design, neither one of the study guide designs should offer
mathematical problems that are at a grade level or reading ease which are lower than the
actual test questions are because this is in direct opposition of the theory of identical
elements or components and the mathematical literacy model. As pointed out by Mangal
(2008), “…the transfer – positive or negative from one situation to another is possible to
the extent that there are common or identical elements in the situations” (p.135).
Buchanan and Helman (1997) explained that literacy skills are crucial when transferring
knowledge between different types of mathematical assessments.
Empirical Research
The empirical evidence suggests that mathematical literacy (Pugalee, 1999) has a
powerful connection to mathematical performance as reported by the research studies
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(Österholm, 2006; Draper & Siebert, 2004). Research also provides evidence that the
possibility does exist that there is a link between No Child Left Behind (NCLB) and
mathematical literacy (Heibert et al., 2005), and some academia professionals are of the
opinion that No Child Left Behind has produced individuals who are a product of
teaching to the test versus being a derivative of teaching to learn (Monahan, 2005).
Research studies support the argument that to increase mathematical performance
through the transfer of knowledge and identical elements or components theories,
students must be instructed at the highest level (metacognitive abilities) and proceed to
work backwards (Kramarski & Mevarech, 2003; Kramarski, Mevarech, & Lieberman,
2001; Lewis, Lange & Gillis, 2005). While there is a void of empirical research on the
topic of the ETS, PPST (basic) math study guide questions for the ETS, PPST (basic)
math test questions, there is a plethora of scholarly discussion pertaining to the design,
introduction, and implementation of mathematics questions, especially those used to
prepare for an assessment.
The discussions begin with the value of low, road passive learning (Duschastel,
1983a, b; Macllelan, 2005), and the importance of high, road active learning (Duchastel,
1983a, b). This discussion leads directly to the role of metacognitive training and its
relationship to the transfer of learning theory (Billing, 2007). The association between
metacognitive performance and knowledge transfer is of particularly interest to the
scholarly community as related by the polarized views (Billing, 2007; Cox, 1997;
Detterman, 1993; Genter & Markham, 1997; Gray & Orasanu, 1987; Niedelman, 1991;
Singley & Anderson, 1989).
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The statistical evidence presented reflects that a correlation does exist when
individuals are exposed to mathematical, metacognitive learning processes prior to an
assessment (Krammarski et al., 2001; Kramarski & Mevarech, 2003; Lewis et al., 2005).
These research findings support the argument that to effectively prepare individuals to
perform properly on a mathematic assessment, the preparation must not take a singular
approach but rather the individual must be prepared at the highest level of mathematical
literacy for the said problem and work backwards from this advanced stage of learning
(Billings, 2007; Heibert et al., 2005; Pugalee, 1999).
Mathematical literacy may explain why some individuals struggle with the PPST
(basic) math skills test. David K. Pugalee (1999) argued, “For people to function
effectively in today’s world, mathematical literacy—what the British call numeracy—is
as essential as verbal literacy” (p. 19). Although Pugalee acknowledged that the term,
“…mathematical literacy is complicated” (p. 20), he developed a model for what should
be inclusive in mathematical literacy.
The Pugalee’s Model of Mathematical Literacy includes the integral processes
that are the defining characteristics of mathematical literacy. These processes include
“…representation…manipulation…reasoning and…problem solving,” when students
master these processes, it increases the student’s ability to perform math at a
“…technological level…to better understand the … values that support understanding
math, and to be able to effectively …communicate math knowledge using comprehension
skills (Pugalee, 1999, pp. 20-21).
Pugalee’s argument supports the position that perhaps a person’s mathematical
abilities are not solely dependent upon calculating math problems. The Pugalee’s Model
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of Mathematical Literacy explains the importance of the role of technical ability
(computation skills) being inclusive and addresses the importance of math terminology
(language), especially as it relates to how words connect to create deeper meaning(s).
Pugalee (1999) extended his argument for mathematical literacy teaching to include
student preparation at “the highest level of mathematical understanding” (p. 20).
When approaching mathematic problems, an individual who has received proper
mathematics training will be able to incorporate a broad knowledge of terminology,
literacy, and calculation skills (Pugalee, 1999). If these three variables are equally
important to a student’s success on a mathematics exam, the teaching of these skills must
occur concurrently.
The introduction of NCLB in 2001 may have drastically, distorted the relationship
between terminology, literacy, and calculation skills, especially in regards to teaching
math to elementary and secondary students whose schools comply with NCLB.
According to Heibert et al., (2005), striving to meet NCLB standards has generated a
question, which is, “How can processes be improved by inspecting only their outcomes?”
(p. 112).
The possibility does exist that to meet NCLB measurement standards, some
elementary and secondary schools resorted to focusing on outcomes and this focus
ultimately lead to teaching to the math test(s). One argument against the teaching to the
math test model is its inadequacy to prepare students for post-secondary math
instructions. The President of The United Federation of Teachers, Michael Mulgrew
expressed, “There is teaching for the test…and there’s learning. They are not the same
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thing…What we’re going to have is children leaving school not learning what they
should be learning” (as cited in Monahan, 2005, para. 2).
Mulgrew’s viewpoint suggests that more than likely for the elementary and
secondary grade levels, mathematical calculation abilities drives math instruction, and
because mathematical literacy and terminology have different theoretical frameworks for
each grade level, these two important components were perhaps forsaken, in favor of
teaching to the test to meet NCLB standards (as cited in Monahan, 2005, para. 2).
Repetitive tasks and rote memorization skills are the two dominate characteristics
of teaching to the test (Schorr, Firestone, & Monfils, 2003). Although task repetition and
memorization skills are fundamental in any mathematic instruction tactics, teaching to
learn requires learners to extend beyond these elementary learning tools (Smith et al.,
2005).
Teaching to learn prepares learners to explore knowledge at the highest level of
understanding. For the exploration to be adequate, the learners must receive detailed
instructions relating to mathematical processes, and the mathematic study guide questions
must challenge the learners to organize these processes in an ordered sequence from the
most difficult to the least difficult mathematical processes to solve problems (Schorr et
al., 2003).
Using literacy as a method to teach mathematical skills, a study was conducted
using three undergraduate, inquiry-based mathematics classrooms. During the course of
the study, the instructors taught mathematics from a literacy perspective by introducing
the terminology and following through with mathematical literacy practices and
applications (Draper & Siebert, 2004). The intent of the Draper and Siebert study was to
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create a model that allowed for mathematical technical skills and literacy skills to achieve
a balance in mathematical educational instruction. The results of this study implied the
necessity for “…broad definitions of text and literacy in order to incorporate the objects
used in mathematics classrooms…students…must learn both the mathematics and how to
participate with the texts…literacy instruction for mathematics…must honor
mathematics” (p. 954).
To evaluate literacy instruction, the Österholm (2006) study focused on two
mathematical texts and one history text, this study sought to determine the connection
between a student’s ability to read a mathematic textbook and a history textbook. In this
study, 61 upper, secondary high school students and 34 university students participated.
The results found that “…reading comprehension of the different mathematical texts is
equally affected by differences in prior knowledge” but the strongest evidence of a lack
of mathematical literacy skills is that both groups studied demonstrated a remarkable
correlation in the struggle to read “mathematic texts when symbols are involved”; the
research team concluded that more instruction is necessary because students have the
greatest difficulty when symbols are incorporated into textual documents (p. 340).
Perkins and Salomon (1992) supported the Österholm study with their definition
of the transfer of learning theory. This theory is inclusive of the modes of learning, which
are accretion, structuring (and or restructuring), and tuning. These three modes represent
the factors required for effective study guide developments. These factors are the entry of
“new knowledge… structuring or restructuring…introducing advanced knowledge…”
(Kramarski & Mevarech, 2003, pp. 280-286).
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Transfer of learning theory was expanded in the Mangal (2008) argument for the
existence of three theories within the transfer of learning theory. These sub-theories are
the “Theory of Identical Elements or Components… Theory of Generalization…and
Theory of Ideas” (pp. 130-140). For this research study, the theory of identical elements
or components is the most applicable one, and Mangal defined it as “The transfer…from
one situation to another is possible to the extent that there are common or identical
elements in the situations” (p. 135), which is one of the processes in metacognitive
training.
Metacognitive training was explored by Lewis et al. (2001) originally this study
included 434 university students. When the study concluded, the researchers had data
from 300 participants. During the study, the participants were divided into teams of three;
randomly, the researchers switched the team members to different projects to determine if
these team members could transfer the knowledge of acquired skills, such as assembling
a new device that was similar to a device for which they had received assembly
instruction. The researchers were seeking to discover evidence that previous knowledge
could transfer between tasks. What they discovered was “…one problem may not be
sufficient for understanding the general principles underlying the task, and that
experience with…functionally similar problems is needed to induce a generalized
understanding of the problem domain” (Lewis et al., 2005, p. 595).
Metacognitive instruction was explored with mathematics by Kramarski et al.
(2001). To determine the value of metacognitive instruction on the ability to comprehend
mathematic text and symbols and then transfer that those learned skills to testing abilities,
the study was conducted with 182 students in the sixth grade. The participants attend 6
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middle schools that were randomly selected from a pool of middle schools. There were
three test groups. Each group received a pre-test prior to the intervention. Group A
received 100% metacognitive reasoning and questioning training along with reading
comprehension skills development for translating symbols into text. Group B received
50% metacognitive reasoning and questioning training along with reading comprehension
skills development for translating symbols into text. Group C, the control group, did not
receive any of the training instead they were taught using the district standards, which
included a teacher’s introduction, worksheets (or study guides) with problems; they were
allowed to ask each other questions, and at the end of the class period, the teacher
reviewed the lesson (2001).
The post-test findings indicated that Group A outperformed Group B, and Group
B scored higher than Group C did on the ability to read and comprehend mathematical
texts. The mean score for the metacognitive (reasoning and questioning) knowledge
analyses did not have a significant difference between Group A and group C (Kramarski
et al., 2001); “Our findings support…that metacognitive training is effective for
developing problem-solving ability…” (p. 298); the researchers explained that Group A
students used the highest level of problem solving skills and worked backwards to the
existing mathematic problem by “…using metacognitive self-addressed questioning
techniques according to comprehension, connection, and strategy questions” (p. 293).
To determine the relationship between metacognitive training and transfer of
knowledge, the Kramarski and Mevarech (2003) study involved 384 students in the 8th
grade who attended four different schools in one district. The participants were divided
into four groups. The unit of study was linear graphs. Two groups received metacognitive
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training and two groups did not receive metacognitive training. The metacognitive
training method included “…three sets of self-addressed metacognitive questions;
comprehensive questions, strategic questions, and connection questions” (p. 286). The
results of this study varied but the one component that remained consistent when
comparing the four groups was “…students who were exposed to metacognitive training
were better able to transfer their knowledge from graph interpretation, which was taught
in all classrooms, to graph construction, which was new to all students” (p. 303).
PRAXIS I Research Findings
For the PRAXIS I, ETS published qualitative and quantitative data. The
qualitative data discusses findings relevant to how individuals prepare for the PRAXIS I.
The quantitative data reports the results of the percentages of how many answers for the
PRAXIS I math component are correct, when ETS aligns the questions as being either
easy, average, and difficult. The following discussion of the ETS data begins with the
qualitative findings and concludes with the quantitative data.
In an effort to have a better understanding of the lack of preparation by
individuals for the PRAXIS I exams, an ETS research team conducted a qualitative
survey. The sample was drawn from 4,486 test takers taking the PRAXIS I (PPST) on
June 12, 1999. The questionnaire was randomly assigned to 1,890 test takers. From this
random sample only 951 test takers completed the survey, in entirety. Of these 951 test
takers, ETS was able to capture an ethnicity spread that was inclusive of Caucasian,
African American, Hispanic, Asian, and other ethnicities. The demographic was also
inclusive of individuals who selected not to self-identify.
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The intent of this qualitative study was not to isolate one particular variable such
as mathematics, writing, grammar, or reading. Instead the questions concentrated on
generalizing preparation skills across all testing components. By not isolating one
variable to concentrate on, the results of the questionnaire would have more of a
generalization impact for preparation efforts. The questions were designed to focus on the
“reasons for preparing and possible correlates of preparation, and reactions to possible
changes in test preparation materials and services” (Stricker & Wilder, 2001, p. 2).
While many themes emerged from the results coding efforts, a major theme
throughout the findings was that test takers thought they would do well on the test
because the test only assessed basic skills; so therefore, there was not a need to
extensively prepare. “In fact, these attitudes were only weakly related to actual test
performance…e.g. Own Confidence correlated .30 to .34 with the PPST scores in the
total sample…” (Stricker & Wilder, 2001, p.41).
In the concluding statements, the research team acknowledged that another theme
was there should be specific learning programs in place for individuals to prepare for the
PRAXIS I (PPST) exams. This theme was paradoxically opposite to the theme that
emerged that identified test-takers as not using the material readily available to them,
which was inclusive of “Tests at a Glance—Praxis I: Academic Skills Assessment and the
sample tests in the Pre-Professional Skills Tests (PPST) Guide (Stricker & Wilder, 2001,
p. 41). The research team also included a brief discussion relating to the research findings
that a percentage of the test-takers were of the opinion that purchasing learning materials
was perhaps too expensive but the research team provided evidence that ETS does
provide free learning materials (booklets, etc.) to assist in preparation efforts, and the
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qualitative findings demonstrated a lack of attitudinal interest overall in the free
product(s).
ETS randomly publishes quantitative data from test-takers in regards to the
percentages of correct answers for the mathematics section of the PPST, PRAXIS I exam.
Table 2 reports these findings.

Table 2
ETS data for correct answers on the mathematic exam
Number of
participants

Easy
>75%

Average
55%-74%

Difficult
<55%

Source

2,250**

>720

540-720

<540

(ETS, 2002, p.70)

2,231**

>736

557-736

<557

(ETS, 2008, p. 234)

3,346**

>736

535-736

<535

(ETS, p. 263)

2,520**

>730

554-730

<554

(ETS, 2010, p. 216)

Note. *Based upon the test-takers answers, ETS determines level of difficulty.
**The percentages were calculated and converted to whole numbers.

For each of the above reported percentages, an adequate representation of
numbers and operations, Algebra, Geometry and measurement, and data analysis and
probability questions are present in the correct answers for easy, average, and difficult
questions. In reporting these percentages, ETS did not elaborate on the content tested by
discussing if the questions answered correctly possessed basic skills knowledge, such as
computation, or a more challenging skill level that required a higher understanding of
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academic literacy and or mathematical literacy. What is important about this data is that
between 2002 and 2010, the range of correct answers where test-takers demonstrated the
questions to be easy, average, or difficult has almost remained consistent.
Designing a Study Guide
When designing a study guide, an educator and or a publisher may select either a
low-road or a high-road design. A low-road study guide has an equivalent correlation
between the study guide questions and the test questions (Harper & Maheady, 2007).
There should not be a significant difference because a low-road study guide aligns with
passive learning, and this passive learning model should transcend to the actual test
questions (Maclellan, 2005). For a low-road study guide to be successful, specific
questions that are direct representations of the actual test questions are presented. Thus,
the student or students may employ rote memorization skills to be successful on the test
(Leonard, 2002).
Using a low-road, passive learning study guide implies that the study guide and
the actual test must be paralleled. Although the study guide questions should not be
identical to the actual test questions, the potency in the identicalness between the study
guide questions and the test questions, in regards to the reading ease and the grade level
(Maclellan, 2005). Perhaps the most appropriate approach to developing study guides for
all learners is the low-road design because by maintaining, an equivalence between the
study guide questions and the actual test questions, the reading ease and grade level
remains constant (Duchastel, 1983a, b).
A high-road study guide is reflective of active learning. “Active learning
emphasizes the intrinsic motivation and self-sponsored curiosity of the learner who
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fashions content and is actively involved in its formation” (Duchastel, 1983a). A highroad, active learning study guide advances the content to the highest level of
understanding by allowing the student to determine the pace and set the study tone. As
argued by du Plessis,
Study guide design should afford individual students the
opportunity of developing their own learning styles…It follows
that study guides can hardly be ‘too easy’ in this regard. They
should, however, provide a measure of ‘difficult’ work as well
by, example, inserting appropriate self-evaluation questions that
challenge even the best of students. (as cited in Holmberg,
1995, pp. 71-72)
After completing a high-road study guide, test-takers may rationalize that they are
prepared to be successful on the test because as a coaching tool the intent of this type of
study guide is to introduce concepts, review terminology, and to present content and
questions at the highest level of understanding (Duchastel, 1983a, b). A high-road design
introduces content at a higher level of understanding than the mastery level for the test
questions has (Harper & Maheady, 2007).
Regardless of whether a study guide design is low-road or high-road, study guides
should be population specific (Duchastel, 1983a). Within a testing population, there exist
many types of learners. Some learners may have learning disabilities or learning
differences, while others may have the classification of high-achieving learners. If the
testing population is inclusive of all learners, a study guide should introduce content to
accommodate all learner types, when creating study guides for a high-achieving, learner
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population, the study guide questions should perhaps have a high-road design because the
questions must advance knowledge by presenting greater challenges than the questions
on the actual test do (Duchastel, 1983a).
Teaching to the test may be classified as low-road knowledge transfer because
according to Billing (2007), “…the low road to transfer depends on extensive and very
varied practice of a skill so that it is nearly automatic (i.e., stimulus-response
learning)…” (p. 486). Low-road knowledge transfer focuses on “extensive practice and
automatization on training tasks…although low-road learning can result in fast attainment
of transfer, the resulting transfer tends to be very limited in scope and flexibility”
(McKeough et al., 1995, p. 9).
Teaching to learn may be classified as high-road knowledge transfer because
“The high road knowledge transfer places attention on deep and explicit understanding of
training tasks” (McKeough et al., 1995, p. 9), and “…the high road to transfer depends on
the learner’s deliberate, “mindful abstraction” of a principle” (Billing, 2007, p. 486).
Billing (2007) acknowledged that many scholars argue against the existence of
high road knowledge transfer, and he located research studies supporting this view which
is, “Meta-cognition includes reflection, self-knowledge of strengths and weaknesses,
learning strategies, and monitoring learning” (p. 486).
As argued by Pugalee (1999), these metacognition components are critical to
being able to successfully manipulate complex mathematical problems, symbols, or text.
Perkins and Salomon (1989) also supported high-road transfer because it entails the
“deliberate, mindful abstraction of skill or knowledge from one context for application in
another” (p. 25).
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While high-road transfer of knowledge addresses mathematical literacy, a fallacy
found in high-road transfer is its relationship to time management. It normally takes testtakers longer to make the mathematical literacy connections between what the study
guide questions teach and how the test questions assess the learning (McKeough et al.,
1995). Gray and Orasanu (1987) were of the opinion that metacognitive exposure did not
produce a significant increase in cognitive performance.
Singley and Anderson (1989) argued that the only way cognitive performance can
increase due to metacognitive training is that the participant in the study receives all the
information necessary to process the data, and that this was an inhuman possibility
because of time and prior exposure.
Detterman (1993) supported low road transfer versus high road transfer because
he was of the opinion that learners need only to be exposed to what is before them, and to
be successful, each learner must know learn how to do a specific task because prior
instruction was directed towards the completion of that singular task. Cox (1997) rejected
Detterman’s theory because Cox was of the opinion that teaching to the task produced a
generation of followers. Although Niedelman (1991) found no evidence to support either
low-road or high-road knowledge transfer, Genter and Markham (1997) supported
Detterman and Cox theories by explaining how in a society that supports all-learners,
educators must use both low-road and high-road knowledge transfer.
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Summary
Research within the past ten years has provided evidence that there is a
connection between mathematical preparation materials and assessments, as reflected by
the five studies discussed in this literature review (Draper & Siebert, 2004; Kramarski &
Mevarech, 2003; Kramarski et al., 2001; Lewis et al., 2005; Österholm, 2006). These
studies concluded that mathematical literacy is critical achieving successful,
mathematical assessment scores and that one method to achieve this success is to educate,
through study materials and teaching methods, at the highest metacognitive level. While
all five studies support the transfer of learning and identical elements or components
theories, Kramarski et al. (2001) study is of particular interest because its findings
demonstrated that a metacognitive, transfer of mathematical knowledge occurred between
pre-test, intervention, and the post-test.
All five studies support the argument that to increase mathematical performance
through the transfer of knowledge and identical elements or components theories,
students must be instructed at the highest level (metacognitive abilities) and proceed to
work backwards (Kramarski & Mevarech, 2003; Kramarski et al., 2001; Lewis et al.,
2005).
The ETS qualitative findings support the argument that test-takers should pursue
study materials that are appropriately designed to prepare them to be successful on the
PPST, PRAXIS I exams (Stricker & Wilder, 2001). In Table 2, the ETS quantitative data
analysis supports the qualitative findings that more test-takers should academically
prepare for the PPST PRAXIS I exams. The quantitative data demonstrates that the
percentage of test-takers who answer mathematics questions correctly, and based upon
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these percentages, ETS determines what is an easy, average, or difficult question. What is
apparent in the range of easy, average, or difficult questions answered correctly is that the
possibility does exist that a percentage of test-takers do not necessarily have the academic
literacy and or mathematical literacy skills required to answer more questions correctly,
which possibly could be addressed through adequate preparation.
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CHAPTER 3
METHODOLOGY
This study examined the reading ease and the grade level as it relates to the
Education Testing Service (ETS) study guide questions and test questions for the math
section of the ETS, Pre-Professional Skills Test (PPST). This examination included four
categories, numbers and operations, Algebra, Geometry and measurement, and data
analysis and probability. The purpose of this chapter is to present the research methods
and procedures by discussing the research questions, alternative and null hypotheses,
variables, interrater reliability, content validity, Sobolsoft, textual component,
instruments, and data analysis.
The research questions are listed below.
1. For numbers and operations, what is the mean of the grade level for the math
study guide questions and the math test questions?
2. For Algebra, what is the mean of the grade level for the math study guide
questions and the math test questions?
3. For Geometry and measurement, what is the mean of the grade level for the
math study guide questions and the math test questions?
4. For data analysis and probability, what is the mean of the grade level for the
math study guide questions and the math test questions?
5. For numbers and operations, what is the mean of the reading ease for the math
study guide questions and the math test questions?
6. For Algebra, what is the mean of the reading ease for the math study guide
questions and the math test questions?
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7. For Geometry and measurement, what is the mean of the reading ease for the
math study guide questions and the math test questions?
8. For data analysis and probability, what is the mean of the reading ease for the
math study guide questions and the math test questions?
Alternative hypothesis 1: There is a statistically significant difference
between the study guide questions and the test questions for the grade level
categorical means.
Alternative hypothesis 2: There is a statistically significant difference
between the study guide questions and the test questions for the reading ease
categorical means.
Null hypothesis 1: There are no statistically significant differences
between the study guide questions and the test questions for the grade level
categorical means.
Null hypothesis 2: There are no statistically significant differences
between the study guide questions and the test questions for the reading ease
categorical means.
Variables
This research study did not use human subjects because the intent was not to
assess before and after an intervention. Instead the intent was to determine the categorical
means for the study guide questions and the categorical means for the test questions to
determine if the categorical means for the study guide question were prepared using a
higher grade level and lower reading because effective study guide questions influence
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the outcome on a test (Duchastel, 1983a, b). The variables assessed were numbers and
operations, Algebra, Geometry and measurement, and data analysis and probability.
Content Validity
Educational Testing Services (ETS) developed these questions using the national
mathematics approved curriculum for elementary and secondary level instruction (Nettles
et al., 2011). The math questions this study examined met the content validity
requirements because “Content validity has items that satisfactorily assess the content
being examined” (Jackson, 2009, p. 70).
Textual Design
Between 2002 and 2010, ETS published 200 PPST math study guide questions
and 80 PPST math test questions. Prior to 2009, ETS presented 160 math study guide
questions and 40 math test questions by dividing these questions into three categories,
Number and Operations, Algebra, Geometry and measurement. After 2010, ETS
published 40 math study guide questions and 40 math questions by dividing these
questions into four categories, number and operations, Algebra, Geometry and
measurement, and data analysis and probability (Nettles et al., 2011). The textual design
consisted of four stages.
Stage 1. To gather the published PPST math study guide questions and math test
questions, a search was conducted for these publications. While there are numerous
publishers with PPST math test preparation on the market, only the ETS publications for
the PPST math study guide questions and math test questions were included. Once the
ETS published materials for the PPST math test preparation was gathered, each
publication was reviewed to ensure that the math study guide questions and the math test
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questions met a specific set of criteria, which included design, instructions, and time
allocation. Upon determining that the study guide questions and test questions were
divided into sets of 40 questions with 60 minute time allocation per set, each question
was reviewed to ensure the category-types were identified.
Stage 2. The math study guide questions and the math test questions assessing
number and operations, Algebra, and Geometry and measurement were placed in
Component A. The math study guide questions and the math test questions assessing data
analysis and probability were assigned to Component B.
Stage 3. To identify duplicate questions, the Sobolsoft program was used. Prior to
entering the text for the Sobolsoft assessment, interrater reliability occurred. Because this
was a textual study, the interrater reliability was set at 100% (Jackson, 2009). After the
primary researcher entered all the questions by category and including the Microsoft
grade levels and reading eases for each question, the interrater reliability occurred and
two secondary researchers verified all data was correctly entered.
After two interraters reached a joint decision of 100%, the primary researcher
used Sobolsoft textual duplication program to identify any identical questions located
within the sample. Each identical question identified was removed from the study,
leaving only the original question for data analysis. The Sobolsoft duplicated questions
results are reported in Table 3.
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Table 3
Duplicated questions analyses
Publication Year

Type

Component

Status

2002

Study Guide 1

A*

Original

2003

Test 1

A*

Duplicate, 2002 Study Guide

2004

Test 2

A*

Original

2008 (1)***

Test 3

A*

Duplicate, 2002 Study Guide

2008 (2)***

Test 4

A*

Duplicate, 2004 Test 2

2009

Test 5

A* & B**

Original

2010

Test 6

A* & B**

Duplicate of 2009

2011

Study Guide 2

A* & B**

Duplicate, 2002 Study Guide

Note. *Component A: Numbers and operations, Algebra, and Geometry and
measurement; **Component B: Data analysis and probability; ***Two tests published in
the same publication.

Between 2002 and 2011, ETS published 320 mathematics questions but the Sobolsoft
program identified 120 questions as being original ones in the Study Guide 1, Test 2, and
Test 5. Study Guide 1 and Study Guide 2 were duplicates. Study Guide 2 was removed
from the research. Test 2 was a duplicate of Study Guide 1; Test 3 was a duplicate of
Study Guide 1; Test 4 was a duplicate of Test 2; and, Test 6 was a duplicate of Test 5.
Component B was only present in Test 5, and it did not have a companion set of original
study guide questions.
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Sobolsoft identified Study Guide 1 and Study Guide 2 as being duplicates. The
problem with this identification is that Study Guide 1 included numbers and operations,
Algebra, and Geometry and measurement. Study Guide 2 included numbers and
operations, Algebra, Geometry and measurement, and data analysis and probability.
A search command was entered into Sobolsoft to check for questions with category
duplications within the Study Guide 1 and Study Guide 2. Sobolsoft identified 10
questions as having contaminated category entries. A review of these 10 questions
revealed that 10 of the Study Guide 1 questions were re-coded as data analysis and
probability questions therefore enabling Study Guide 2 to be inclusive of this category.
Since the data analysis and probability category did not have original study guide
questions and original test questions, a decision was made to remove the Component B
questions from the textual study. This decision resulted in eliminating two research
questions.
•

For data analysis and probability, what is the mean of the grade level for the
math study guide questions and the math test questions?

•

For data analysis and probability, what is the mean of the reading ease for the
math study guide questions and the math test questions?

After removing these 10 questions, the final sample size consisted of 110 questions
identified as belonging to Component A.
Stage 4. The categorical type for the original questions was obtained from the
ETS categorical type documents. As reported in Table 4, the 110 study guide and test
questions were aligned to determine the categorical frequencies.
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Table 4
Categorical Frequencies
Type

Numbers/Operations

Algebra

Geometry/Measurement

Study Guide 1

20

10

10

Test 2

18

12

10

Test 5

13

8

9

Total

51

30

29

Stage four concluded with obtaining the grade levels and reading ease for each question.
Flesch Reading Ease Formula. Reading ease is “…reference points or a scale
with which to judge printed materials” (Dechant, 1970, p. 278). Dechant proceeded to
explain that while reading formulas are not a cure-all for comprehension issues, the
formulas “are useful in giving a relative estimate of the difficulty…determining the
sequence…detecting the difficult words and sentences… (p. 280).
The Flesch Reading Ease Formula for computing
readability level uses two criteria: number of syllabus
per hundred words and average number of words per
sentence in a 100 word sample. The number of syllabus
in a word is an index of the difficulty of the word because
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longer words are usually more difficult. The words per
sentence is an index of sentence complexity. Usually longer
sentences are syntactically more complex and hence more
difficult. (Singer & Donlan, 1985, pp. 176–177)
The formula calculated the total numbers of words, the number of syllables, and
the number of sentences. After calculating, and according to Singer and Donlan (1985),
the formula determined the difficulty of the text using a range of 0 to 100, with “zero
being very difficult…60 to 69 being standard…and 100 being very easy” (p. 179); Singer
and Donlan also reported that this is the reading ease assessment used most often for an
adult population.
Flesch-Kincaid Grade Level Formula (FKGLF). According to the University
of Texas at Austin, the FKGLF “…translates into a numerical grade, such as 6.8 to
represent a 6th grade reading level” by using the “…number of words per sentence” to
determine the average sentence length (ASL) and “…a 100-word section of text” to
calculate the average number of syllabus (ASW) (para. 6, p. 1).
Calculating FREF and FKGLF. Although both formulas used ASL and ASW,
each formula interpreted the text differently. The University of Texas displayed the two
formulas (p. 1).
i.

FKGLF = (0.39 * ASL) + (11.8 * ASW) – 15.59.

ii.

FREF = 206.835 – (84.6 * ASW) – (1.015 * ASL).

While some researchers may calculate these formulas manually, there are
programs that will calculate these formulas. Microsoft Word 2010 calculates both
formulas. Access to Flesch-Kincaid Grade Level and the Flesch Reading Ease is
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available as a Microsoft Word 2010 component, and according to Microsoft, for its
written text the above-referenced formulas calculates “…grade reading level and reading
ease scores” (para. 5, p. 1). Microsoft programming was used to calculate both formulas
as permission allows (Microsoft, 2012).
Instrumentation
The study used Flesch Reading Ease Formula and the Flesch-Kincaid Grade
Level Formula, the SobolSoft program for textual duplication, and Statistical Package for
the Social Sciences (SPSS) to analyze the data.
Data Analysis
To assess the categorical means of the variables within each identification-type,
being either a study guide question or a test question, the one-way ANOVA and Scheffe
method was used. Using SPSS, the one-way between subjects Analysis of Variance
(ANOVA) determined the mean for the categories of numbers and operations, Algebra,
and Geometry and measurement by analyzing the mean for each category within the
study guide and the two tests.
To analyze the mean between variables, the one-way ANOVA was used. For this
statistical test, the assumptions are 1) The dependent variable is quantitative in nature and
has interval characteristics, 2) The independent variable is between-subjects in nature and
3) The independent variable has three or more levels (Jaccard & Becker, 2010). Hinkle,
Wiersma, and Jurs (2003) explained the “samples must be random and
independent…there is a normal distribution…the variances of the distributions in the
population are equal…” (p. 245).
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A consideration for the one-way ANOVA is that if the exact numbers of questions
are not presented within category types (Ross & Horn, 2003), the possibility does exist
that a true null hypothesis may be incorrectly rejected (Type I error) or a false null
hypothesis may be retained (Type II error). To narrow the possibility of errors, the
harmonic mean was obtained through the Scheffé method, a post-hoc test (Maxwell &
Delaney, 2004).
Due to the amount of categories, the Scheffé method was the most applicable
because it “…is a versatile procedure that can be used to test these complex
hypotheses…With the Scheffé method, the hypotheses were tested in terms of a linear
combination of coefficients and means” (Hinkle et al., p. 382). The one consideration for
the Scheffé method is that it narrowed the confidence limits and this narrowing created
conservatism, which may in turn generate a Type II error (Jaccard & Becker, 2010).
While there was only one study guide and two tests, the study guide questions
were entered as the dependent variable, and the two test questions by category were
entered as the independent variables. The alignment decision as either dependent or
independent variables was because the Sobolsoft program identified one set of original
study guide questions and two sets of original test questions.
This alignment was solely due to the Sobolsoft results, and it does not reflect the
true nature of the dependent and independent variables as found in human subject
research. Another consideration for entering the study guide questions as the dependent
variable was that the study guide questions set the tone for the test questions, and the
categorical means of the test questions should be lower than or equal to the categorical
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means of the study guide for grade level and higher than or equal to the categorical means
of the study guide for reading ease (Leonard, 2002). A .05 alpha was used.
Summary
This chapter presented the research design and an overview of the statistical
methods for a textual analysis of the ETS, PPST (basic) math study guide questions and
the ETS, PPST (basic) math test questions. The SobolSoft program for text duplication is
normally used in qualitative studies to verify transcribing efforts but for this study,
SobolSoft proved to be ideal solution in evaluating duplicated text. Another qualitative
methodology employed by this quantitative study is the 100% accuracy requirement for
interrater reliability. The reason for the 100% interrater reliability instead of the
(standard) 80% for a quantitative, behavioral study was because when transcribing text
for a textual, statistical study, error is not acceptable (Jackson, 2009).
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Chapter 4
RESULTS
Exploring the categorical means for the PRAXIS I study guide questions and test
questions, data was gathered to address the following research questions and hypotheses:
1. For numbers and operations, what is the mean of the grade level for the
math study guide questions and the math test questions?
2. For Algebra, what is the mean of the grade level for the math study guide
questions and the math test questions?
3. For Geometry and measurement, what is the mean of the grade level for
the math study guide questions and the math test questions?
4. For numbers and operations, what is the mean of the reading ease for the
math study guide questions and the math test questions?
5. For Algebra, what is the mean of the reading ease for the math study guide
questions and the math test questions?
6. For Geometry and measurement, what is the mean of the reading ease for
the math study guide questions and the math test questions?
The following hypotheses were addressed:
Alternative hypothesis 1: There is a statistically significant difference between the
study guide questions and the test questions for the grade level categorical means.
Alternative hypothesis 2: There is a statistically significant difference between the
study guide questions and the test questions for the reading ease categorical means.
Null hypothesis 1: There are no statistically significant differences between the
study guide questions and the test questions for the grade level categorical means.
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Null hypothesis 2: There are no statistically significant differences between the
study guide questions and the test questions for the reading ease categorical means.
This chapter presents the results of the analysis as it relates to the statistically
significant differences among the variables, information on means and standard
deviations for those variables, and the statistical analysis for each of the research
hypotheses. The discussion begins with the categorical means referred to within the
research questions for grade level as reported in Table 5.

Table 5
Categorical Means for Grade Level
Variable

N

M

Source

Numbers/Operations

20

5.45*

Study Guide 1

Numbers/Operations

18

7.42

Test 2

Numbers/Operations

13

5.5

Test 5

Algebra

10

8.01*

Study Guide 1

Algebra

12

7.33

Test 2

Algebra

8

8.06

Test 5

Geometry/Measurements

10

6.52*

Study Guide 1

Geometry/Measurements

10

6.42

Test 2

Geometry/Measurements

9

4.68

Test 5

Note. *The grade level means for the Study Guide 1 questions are not consistently equal
to or higher than the grade level means for Test 2 and Test 5 are.
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The grade level means are reflective of the sentence structuring as grade level
understanding relates to this structuring because according to the University of Texas at
Austin, the FKGLF “…translates into a numerical grade, such as 6.8 to represent a 6th
grade reading level” by using the “…number of words per sentence” to determine the
average sentence length (ASL) and “…a 100-word section of text” to calculate the
average number of syllabus (ASW) (para. 6, p. 1).
If the study guide questions are considered an effective learning tool, the means of
the grade level should be equal to or higher than the means of the questions presented
within Test 2 and Test 5 (Duchastel, 1983a, b). The visual inspection implies the Study
Guide 1 means for all three variables are not consistently equal to or higher than the Test
2 and Test 5 variable means are. The one-way ANOVA and the Scheffé method will
statistically analyze these visual differences.
Table 6 reports the categorical means referred to within the research questions for
reading ease.
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Table 6
Categorical Means for Reading Ease
Variable

N

Numbers/Operations

20

47.98*

Study Guide 1

Numbers/Operations

18

52.81

Test 2

Numbers/Operations

13

55.45

Test 5

Algebra

10

54.88*

Study Guide 1

Algebra

12

70.97

Test 2

Algebra

8

67.53

Test 5

Geometry/Measurements

10

55.30*

Study Guide 1

Geometry/Measurements

10

66.16

Test 2

Geometry/Measurements

9

71.43

Test 5

M

Source

Note. *The categorical means of the Study Guide 1 questions are not visually equal to or
higher than Test 2 and Test 5 categorical means.

The reading ease formula calculated the total numbers of words, the number of
syllables, and the number of sentences. After calculating, and according to Singer and
Donlan (1985), the formula determined the difficulty of the text using a range of 0 to 100,
with “zero being very difficult…60 to 69 being standard…and 100 being very easy” (p.
179). For the study guide to be an effective learning tool, the reading ease means of Study
Guide 1 should be equal to or lower than the Test 2 and Test 5 reading ease means are
because the study guide questions should be more difficult by presenting greater

53

challenges (Dechant, 1970; Leonard, 2002). The one-way ANOVA and the Scheffé
method will statistically analyze these visual differences.
Research Design
The one-way ANOVA was used to statistically compare categorical means
between the Study Guide 1 and Test 5 as well as between Study Guide 1 and Test 5.
When using the one-way ANOVA, the assumptions must be met. Hinkle et al. (2003)
explained the “samples must be random and independent…there is a normal
distribution…the variances of the distributions in the population are equal…” (p. 245).
The study guide questions and test questions were pre-selected by Educational Testing
Service (ETS) for publication, and are reported as being a random and independent
sample of the ETS mathematics question population (Nettles et al., 2001). Being
analyzed as the dependent variables, the categories represented by Study Guide 1
questions for grade level and reading ease was representative of a normal distribution.
To independently assess whether or not a normal distribution was present within
the reading ease, the standard deviation by categories was retrieved for Study Guide 1,
Test 2, and Test 5. Table 7 reports the findings for the standard deviation for reading
ease.
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Table 7
Standard Deviation for Reading Ease
Variable

N

SD

Source

Numbers/Operations

20

33.46

Study Guide 1

Numbers/Operations

18

30.94

Test 2

Numbers/Operations

13

34.24

Test 5

Algebra

10

25.55

Study Guide 1

Algebra

12

15.51

Test 2

Algebra

8

16.71

Test 5

Geometry/Measurements

10

31.03

Study Guide 1

Geometry/Measurements

10

25.61

Test 2

Geometry/Measurements

9

27.80

Test 5

Independently, the standard deviation for reading ease met the assumption for
variances because for each category, the largest standard deviation is not larger than
twice that of the smallest standard deviation (Hinkle et al., 2003).
Prior to the one-way ANOVA and Scheffe method data analysis, the standard
deviations were obtained for Study Guide 1, Test 2, and Test 5. This was retrieved so that
the standard deviations could be viewed and discussed independently of each other.
Table 8 reports the findings for the standard deviation for grade levels.
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Table 8
Standard Deviation for Grade Levels
Variable

N

SD

Source

Numbers/Operations

20

4.25

Study Guide 1

Numbers/Operations

18

4.24

Test 2

Numbers/Operations

13

3.82

Test 5

Algebra

10

3.99

Study Guide 1

Algebra

12

2.66

Test 2

Algebra

8

4.28

Test 5

Geometry/Measurements

10

4.27

Study Guide 1

Geometry/Measurements

10

3.30

Test 2

Geometry/Measurements

9

2.11*

Test 5

Note. *Did not meet the assumption of equal variance because when the smallest std.
deviation (2.11) was doubled, 4.27 remained larger.
The standard deviation for grade levels within two categories met the assumption
of variances, while the Geometry and measurement category did not because the largest
standard deviation for Study Guide 1 is larger than twice that of the smallest standard
deviation for Test 5 (Hinkle et al., 2003). Although this is an obvious violation, the
decision to either retain or remove Test 5 Geometry and measurement questions for grade
level will be reserved until additional statistical analysis of this category relating to Study
Guide 1 and Test 5.
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The one-way ANOVA addressed the following hypotheses.
Alternative hypothesis 1: There is a statistically significant difference between the
study guide questions and the test questions for the grade level categorical means.
Alternative hypothesis 2: There is a statistically significant difference between the
study guide questions and the test questions for the reading ease categorical means.
Null hypothesis 1: There are no statistically significant differences between the
study guide questions and the test questions for the grade level categorical means.
Null hypothesis 2: There are no statistically significant differences between the
study guide questions and the test questions for the reading ease categorical means.
Grade Levels Hypothesis
This discussion begins with the hypothesis that there are no statistically
significant differences between the study guide questions and the test questions for the
grades level categorical means.
Study Guide 1 and Test 2. The results reported below focuses on Study Guide 1
and Test 2. To determine if the one-way ANOVA assumption for variance was met for
the dependent variable (Study Guide 1) and the independent variable (Test 2), standard
deviation data was retrieved. The categories for Study Guide 1 were entered as the
dependent variables and the categories for Test 2 were entered as the independent
variable, and Table 9 reports these findings.
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Table 9
Standard Deviation for Grade Levels, Study Guide 1* and Test 2**
Variable

N

SD

Numbers/Operations

18

3.99

Algebra

12

4.66

Geometry/Measurement

10

4.49

Note. *Categories for Study Guide 1 questions entered as the dependent variables;
**Categories for Test 2 questions entered as the independent variables.
The Test of Homogeneity of Variances revealed that Sig. = .743, p > 0.05, which
indicated that the equal variances assumption was met. The ANOVA table revealed F (2,
37) = .112, Fcv = 3.25, Sig. = .894, p > 0.05, so there is no significant difference between
the means of the three categories for Study Guide 1 and Test 2. While the one-way
ANOVA results reported no significant difference, the numbers assigned to each category
being different between the Study Guide 1 and Test 2, suggested that the Scheffé method
was applied to utilize the harmonic mean. The Scheffé method results reported p > 0.05
for all the significant levels, so there is no difference in the means of the categories. For
the grade level of the categories within the Study Guide 1 and Test 2, the one-way
ANOVA and Scheffé method revealed there are no statistically significant differences
between the study guide questions and the test questions for the grade level categorical
means.
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Study Guide 1 and Test 5. Continuing the discussion regarding grade levels,
Study Guide 1 and Test 5 are analyzed. To determine if the one-way ANOVA
assumption for variance was met for the dependent variable (Study Guide 1) and the
independent variable (Test 5), standard deviation data was retrieved. The categories for
Study Guide 1 were entered as the dependent variables and the categories for Test 5 were
entered as the independent variable, and Table 10 reports these findings.

Table 10
Standard Deviation for Grade Levels, Study Guide 1* and Test 5**
Variable

N

SD

Numbers/Operations

13

4.83

Algebra

8

4.63

Geometry/Measurement

9

2.57

Note. *Categories for Study Guide 1 questions entered as the dependent variables;
**Categories for Test 5 questions entered as the independent variables.
When analyzed with Study Guide 1, the standard deviation for Test 5 met the
assumption of variances because the largest standard deviation is not greater than twice
that of the smallest standard deviation (Hinkle et al., 2003). Due to these results, Test 5
Geometry and measurement questions remained in the study.
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The Test of Homogeneity of Variances revealed that Sig. = .072, p > 0.05. This
result indicated that the equal variances assumption was met. The ANOVA table revealed
F (2, 27) = .648, Fcv = 3.35, p = .531, p > 0.05, so there is no significant difference
between the means of the three categories for Study Guide 1 and Test 5. While the oneway ANOVA results reported no significant difference, the numbers assigned to each
category being different between the Study Guide 1 and Test 5, suggested that the
Scheffé method was applied to utilize the harmonic mean. The Scheffé method results
reported p > 0.05 for all the significant levels, so there is no difference in the means of
the categories. For the grade level of the categories within the Study Guide 1 and Test 5,
the one-way ANOVA and Scheffé method revealed there are no statistically significant
differences between the study guide questions and the test questions for the grade level
categorical means.
Reading Ease Hypotheses
The reading ease hypotheses for Study Guide 1 and Test 2 were analyzed.
Study Guide 1 and Test 2. To determine if the one-way ANOVA assumption for
variance was met for the dependent variable (Study Guide 1) and the independent
variable (Test 2), standard deviation data was retrieved. The categories for Study Guide 1
were entered as the dependent variables and the categories for Test 2 were entered as the
independent variable, and Table 11 reports these findings.
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Table 11
Standard Deviation for Reading Ease, Study Guide 1* and Test 2**
Variable

N

SD

Numbers/Operations

18

30.19

Algebra

12

31.42

Geometry/Measurement

10

32.69

Note. *Categories for Study Guide 1 questions entered as the dependent variables;
**Categories for Test 2 questions entered as the independent variables.
When analyzed with Study Guide 1, the standard deviation for Test 2 met the
assumption of variances because the largest standard deviation is not greater than twice
that of the smallest standard deviation (Hinkle et al., 2003).
The Test of Homogeneity of Variances revealed that Sig. = .963, p > 0.05. This
result indicated that the equal variances assumption was met. The ANOVA table revealed
F (2, 37) = .181, Fcv = 3.25, p = .835, p > 0.05, so there is no significant difference
between the means of the three categories for Study Guide 1 and Test 2. While the oneway ANOVA results reported no significant difference, the numbers assigned to each
category being different between the Study Guide 1 and Test 2, suggested that the
Scheffé method was applied to utilize the harmonic mean. The Scheffé method results
reported p > 0.05 for all the significant levels, so there is no difference in the means of
the categories. For the reading ease of the categories within the Study Guide 1 and Test 2,
the one-way ANOVA and Scheffé method revealed there are no statistically significant
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differences between the study guide questions and the test questions for the grade level
categorical means.
Study Guide 1 and Test 5. The reading ease hypotheses for Study Guide 1 and
Test 5 were analyzed. To determine if the one-way ANOVA assumption for variance was
met for the dependent variable (Study Guide 1) and the independent variable (Test 5),
standard deviation data was retrieved. The categories for Study Guide 1 were entered as
the dependent variables and the categories for Test 5 were entered as the independent
variable, and Table 12 reports these findings.

Table 12
Standard Deviation for Reading Ease, Study Guide 1* and Test 5**
Variable

N

SD

Numbers/Operations

13

35.30

Algebra

8

35.22

Geometry/Measurement

9

17.93

Note. *Categories for Study Guide 1 questions entered as the dependent variables;
**Categories for Test 5 questions entered as the independent variables.
When analyzed with Study Guide 1, the standard deviation for Test 5 did not meet
the assumption of variances because the largest standard deviation is not greater than
twice that of the smallest standard deviation (Hinkle et al., 2003). When the 17.93,
Geometry and measurement standard deviation was converted to 35.86, it was larger than
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the 35.30, Numbers and operations standard deviation. This small difference was more
than likely due to the Test 5 sample sizes.
Although slight, the Test of Homogeneity of Variances revealed that Sig. = .054,
p value > 0.05. This result indicated that the equal variances assumption was met. What
should be discussed is the Sig. = .054. While only slight, this could be a result of the
numbers being less for each category found within Test 5 when compared to the Study
Guide I categorical quantities. The ANOVA table revealed F (2, 27) = .852, Fcv = 3.35,
p = .428, p > 0.05, so there is no significant difference between the means of the three
categories for Study Guide 1 and Test 5.
While the one-way ANOVA results reported no significant difference, the
numbers assigned to each category being different between the Study Guide 1 and Test 5,
suggested that the Scheffé method was applied to utilize the harmonic mean. The Scheffé
method results reported p > 0.05 for all the significant levels, so there is no difference in
the means of the categories. For the reading ease of the categories within the Study Guide
1 and Test 5, the one-way ANOVA and Scheffé method revealed there are no statistically
significant differences between the study guide questions and the test questions for the
grade level categorical means.
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CHAPTER 5
DISCUSSION, CONCLUSIONS, and RECOMMENDATIONS
The purpose of this study was to investigate the categorical statistical means
between the PPST study guide math questions and the PPST test math questions. The
importance of this study relates to the national concern that some American high school
graduates may not necessarily have the basic math skills set to be successful on an
assessment that measures basic math skills. This is especially relevant to those
individuals seeking admission into teacher education programs. An unacceptable score on
the math section of the PPST may hinder these individuals from continuing a teaching
profession.
Many of these individuals may purchase math study guide materials to prepare for
the PPST basic math test. If these individuals are derivative of the American teaching to
the test model that arose after the 2001 introduction of the No Child Left Behind
(NCLB), these individuals may have high expectations of the math study guide questions.
These expectations may include math study guide questions that are mirrored reflections
of the actual math test questions or they may expect for the math study guide questions to
be more difficult than the math test questions are.
What seems to be an oversight in the development of math study guide questions
is the academic literacy and or mathematical literacy skills required to properly de-code
the mathematic formula or word problem. Some scholars purport that these de-coding
skills require a grade level mastery and strong reading comprehension skills to process
the mathematic problem down to its lowest form (Pugalee, 1999). If this is correct, there
is a relationship between grade level, reading ease, and mathematic calculations. Other
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scholars argue that study guide materials should be at the highest level of mastery: This
allows an individual to process from the top down, which is considered a fragment of
high road knowledge transfer (Duchastel, 1983a, b).
The purpose of this chapter is to explore these theories by discussing the
hypotheses as each one relates to the results, discuss the limitations, and suggest future
research needs.
Discussion of Results
The following research questions were examined:
1. For numbers and operations, what is the mean of the grade level for the math
study guide questions and the math test questions?
2. For Algebra, what is the mean of the grade level for the math study guide
questions and the math test questions?
3. For Geometry and measurement, what is the mean of the grade level for the
math study guide questions and the math test questions?
4. For data analysis and probability, what is the mean of the grade level for the
math study guide questions and the math test questions?
5. For numbers and operations, what is the mean of the reading ease for the math
study guide questions and the math test questions?
6. For Algebra, what is the mean of the reading ease for the math study guide
questions and the math test questions?
7. For Geometry and measurement, what is the mean of the reading ease for the
math study guide questions and the math test questions?
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8. For data analysis and probability, what is the mean of the reading ease for the
math study guide questions and the math test questions?
There were 40 study guide questions and 70 test questions. The test questions
were identified as Test 2 (40 questions) and Test 5 (30 questions). The reason Test 5 was
reduced to 30 questions is because the data analysis and probability research questions
for grade level and reading ease were removed due to the fact that a set of original study
guide questions for this category did not exist. This discussion begins with Study Guide 1
and Test 2.
For Study Guide 1 and Test 2, the questions, by category type, were examined
using the one-way ANOVA and the Scheffé method. For the grade level questions 1, 2,
and 3 there was no statistical evidence to suggest a mean difference existed between the
math study guide questions and the math test questions. Question 4 for grade level was
eliminated from the study because a companion set of study guide questions did not exist
for the math test questions.
For the reading ease questions 5, 6, and 7 there was no statistical evidence to
suggest that a statistically determined mean difference existed between the math Study
Guide 1 questions and the math Test 2. Question 8 was eliminated.
For Study Guide 1 and Test 5, the questions, by category type, were examined
using the one-way ANOVA and the Scheffé method. For the grade level questions 1, 2,
and 3 there was no statistical evidence to suggest a grade level mean difference existed
between the math study guide questions and the math test questions. Question 4 was
eliminated.
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For the reading ease questions 5, 6, and 7, the Test of Homogeneity of Variances
revealed a slight difference that enabled the p value to be greater. While some researchers
may consider this proximity closeness a reason to grant cause to question the relationship
between the means, what hinders this assumption is the sample size for Test 5 was
smaller than the sample size for the Study Guide 1 was. Although the Test of
Homogeneity of Variance reported this slight difference in favor of no significance, the
results from the Scheffé method, using the harmonic mean, revealed no significance for
the means of the reading ease between Study Guide 1 and Test 5.
The statistical evidence suggest that there is no significance (differences) between
the study guide questions and test questions which leads to the conclusion that a low-road
knowledge of transfer may exist between the study guide questions and test questions. As
discussed earlier, the low-road knowledge of transfer is indicative of an assumption that
the study guide questions and test questions are extremely similar, if not identical, in the
approach to transfer of knowledge (Leonard, 2002). What this implies is that if an
individual is successful with the study guide questions, the individual should be
successful with the test questions. Low-road knowledge of transfer suggests that
individuals may enter the testing atmosphere with identical training, such as the same
instructor conducting the instructional models, and this same instructor proceeds to
develop the study guide questions and the test questions (2002).
If ETS uses a test bank that includes a host of professionals who prepare study
guide questions and test questions, and the questions are randomly selected from this
pool, this may be problematic for the low-road transfer of knowledge because its strength
is in consistency. This strength is found within the instructor being the one to design the
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test. Another strength for low-road transfer of knowledge is that normally it begins at the
basic level of instruction and does not move forward to a higher level until this base level
is mastered (Duchastel, 1983a, b). When multiple test designers create questions, highroad transfer of knowledge is more applicable because it begins with the highest level of
comprehension and instructs backwards (2002).
In the case of high-road transfer of knowledge, the study guide material and
questions present the mathematics in a most complicated form, with wording and phrases
that are at the highest grade level and lowest reading ease possible. When an individual
can perform a complex mathematic problem, such as a polynomial, it is extremely easy
for that individual to understand and process how to do a monomial or binomial. It
would perhaps behoove any publisher developing material for the PRAXIS I series to
consider creating high-road transfer of knowledge study aids and questions because will
more than likely be more successful on the test when the study material has been more
challenging.
Limitations
The ETS publications for the study guide math questions and the test math
questions covered a span of 11 years. During this time 320 questions were published. 80
of these questions were published as study guide questions and 240 questions were
published as practice test questions. A closer inspection of these questions revealed that
ETS only published 110 original questions during this 11 year period. 40 of the 110
questions were published as study guide questions and the remaining 70 were considered
practice test questions. It is difficult to determine whether or not the statistical analyses
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would have been different, accepting the alternative hypotheses and rejecting the null
hypotheses if the original sample size of 320 were able to be scrutinized.
A second limitation was the inconsistency among the number of questions per
categorical type. Although the Scheffé method is designed to use the harmonic means to
address these inconsistencies, it is considered an extremely conservative test with a
higher alpha recommended (Jaccard & Becker, 2010); a higher alpha may or may not
have affected the one-way ANOVA results.
There is value in discussing the category, data analysis and probability. According
to the preparation materials published by ETS, the questions assigned later to the data
analysis and probability category were not newly introduced questions. These questions
appeared in earlier publications and were identified as being number and operations,
Algebra, or Geometry and measurement questions. This impacted this study because
these 10 questions were considered contaminated files as a result of the Sobolsoft textual
duplication program.
Study Guide 1 and Study Guide 2 contained identical questions, with the
exception of the 10 changes in category types. Study Guide 2 was removed from the
study which prohibited a statistical analysis of any grade level and reading ease mean
differences between the two study guides to determine if there were any changes during
the period of publication. In the same vein, a statistical analysis of Test 2 and Test 5 was
limited because of the quantity differences within the category types.
There also seemed to be an issue with preparation material labeling. Study Guide
1 was re-distributed as at least two practice tests, and several practice tests were simply
re-published beneath a newer copyright date. From a publisher’s perspective, it may seem
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logical to re-publish questions during a period of time because individuals preparing to
take the PPST should not have to spend years getting acquainted with the testing
materials. This may seem practical for the average consumer but for colleges,
universities, and learning centers where the focus is on assisting students struggling with
academic literacy and or mathematical literacy skills, the same family of questions
simply being re-cycled do not provide a broad enough sample testing preparation file.
Recommendations for Future Research
The current study suggests areas for further research. This study analyzed the
mean relationship between math study guide questions and math test questions by
categorical type supports the position that the math study guide questions are not a cureall for earning successful scores on the PPST mathematic test. It appears as if the testing
preparation published by ETS for the PPST mathematic test is not necessarily a teaching
tool instead it is considered to be an introductory set of questions to familiarize
individuals with test questions. What this study does provide is the groundwork to
conduct case studies (qualitative research model) with individuals who have proven to be
unsuccessful with the PPST basic math test.
From this quantitative study of the means of the grade level and reading ease, it is
determinable that the questions, both study guide and test questions, maintain a level of
consistency among publication. This quantitative evidence suggest that a qualitative
study could focus on establishing a connection between grade level, reading ease
(comprehension) and academic literacy and or mathematical literacy skill development.
Another research possibility is to conduct a qualitative survey to explore when on
their academic timeline individuals determine to register for the PPST. If these results
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determine that individuals wait until the semester before the score is required to attempt
the test, the sense of urgency could impact the test score because of the qualitative
relationship between time and test anxiety.
Another option for a quantitative study is to pool all the academic literacy and or
mathematical literacy terms from the study guide and test questions. The intervention
statistically tested would be if the group receiving terminology instruction improved
when taking a mathematic basic skills test when compared to the group only receiving
step-by-step instruction for each individual mathematic problem.
Lastly, more research is needed to improve the relationship between grade level,
reading ease (comprehension), academic literacy and or mathematical literacy, and
mathematics methods to evaluate why some American high schools do not possess the
basic math skills to be successful on the PPST basic math skills test.
Conclusion
The purpose of this study was to investigate the categorical means between the
PPST math study guide questions and test questions to determine if there was a statistical
difference between the two types, by categories. To accomplish this, this study used the
grade level and reading ease of each of the questions. The literature review did not
produce any evidence to support that this type of study had been done, especially in
regards to the relationship between academic literacy and or mathematical literacy when
aligned with mathematics methods.
The one-way ANOVA and Scheffe method provided results that there was no
significant difference between the categorical means, this implies that the PPST math
study guide questions may not necessarily be designed to be a teaching tool. This study
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supports the need for individuals seeking out teaching tools to improve their PPST math
scores versus simply depending upon the publications provided by ETS to be the answer
to their mathematic deficiencies. By simply attempting to convert the PPST study
materials for the mathematic test into a teaching to the test model by simply performing
the functions repeatedly for the same family of mathematic problems, does not address
academic literacy and or mathematical literacy deficiencies and for both of these, reading
comprehensions skills are critical.
Test takers must embrace the role of academic literacy and or mathematical
literacy when studying the technical steps of solving mathematic problems. The term
basic does not imply that PRAXIS I math test will be simple and the problems
uncomplicated. The PRAXIS I math test is a test that if a test taker has a thorough
understanding of simple mathematics, Algebra I and II, and Geometry as taught between
grades 5th through 12th the score sought should not be difficult to obtain (Pugalee, 1999.)
The PRAXIS I math test is not a test for which the teaching to the test method works, and
any attempts to use the study guide in this manner will prove futile.
The primary audience for this research study was those individuals seeking to
earn acceptable scores on the PRAXIS I basic math test. For this audience, this study
sought to address the grade level and reading ease means by categories for the study
guides and math test questions. For those preparing, it should be recognized that the math
test continues to be the lowest scoring test, which suggests a need for more preparation
time (Mikitovics & Crehan, 2002; Nettles et al., 2001).
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Coding: 1 = numbers & operations, 2 = Algebra, 3 = Geometry and measurement
Coding: B = Study Guide 1 and the number following B represents the question number

1) On the spinner above, the probability of spinning a number that is a multiple of 3 is
(B1,1)

2) A gauge on an exercise bicycle is shown above, The reading on the gauge, in miles
per hour, is (B2, 3)

3) Which of the following numbers is least? (B3, 1)

4) A 10-gallon tank contains 6 ⅛ gallons of gasoline. How many more gallons are
needed to fill the tank? (B4, 1)

5) A map is drawn to the scale of ¾ inch = 50 miles. What is the actual distance
between two towns that are 1 ½ inches apart on the map? (B5, 3)

6) The graph above shows the distribution of the content, by weight, of a county’s
trash. If approximately 60 tons of the trash consists of paper, approximately how
many tons of the trash consists of plastics? (B6, 2)

7) A certain soccer league reported that 12.5 percent of its injured players received
ankle injuries last season. There were 128 injured players. Which computation
shows the number of players who received ankle injuries? (B7, 1)
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8) Which of the following is true about the data in the table above? (B8, 2)

9) If the bookstore sold 60 more copies of book R than book Q, how many books
does each

in the pictograph represent? (B9, 2)

10) If the perimeter of the rectangle above is 50, what is its length? (B10, 3)

11) If 3a = 18 -3b what is the value of a + b? (B11, 1)

12) In how many of the years shown were there more than twice as many students in
medical schools as there were in 1950? (B12, 2)

13) The number of students in medical schools increased by approximately what
percent from 1970 to 1980? (B13, 2)

14) The number 1,000 is how many times 0.1? (B14, 1)

15) Which of the following shows a circle with center at (1,1) and a radius of 2?
(B15, 2)
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16) If n=2, what is the result of the computation outlined in the chart above? (B16, 1)

17) A vending machine containing school supplies offers pencils at a 2 for a quarter
and notebooks at 50 cents each. If the machine accepts only quarters, how many
quarters are needed to buy 6 pencils and 2 notebooks? (B17, 1)

18) Which of the following numbers, if any are the same? (B 18, 1)

19) Which of the following does NOT leave a remainder of 5 when divided into 141?
(B19, 1)

20) Which of the following is greater than 18.7%? (B20, 1)

21) There are 8 boys and 13 girls in a choir. What fractional part of the choir is boys?
(B21, 1)
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22) To find 400 times 30, one could multiply 12 by (B22, 1)

23) If 30% of W= 483, than W = (B23, 1)

24) A set of Three Points on a line could be a subset of any of the following EXCEPT
a (B24, 3)

25) In an ordered set of numbers, the median is the middle number if there is a middle
number; otherwise, the median is the average of the two middle numbers. If Robin
had the test scores given in the table above, what was her median score? (B25, 2)

26) The cost of a 50-minute direct-dialed daytime call between two parties 500 miles
apart is (B26, 2)

27) If the cost of a 20-minute direct-dialed daytime call was $6.26, which of the
following could be the distance between the parties? (B27, 2)

28) If the length of AB in the figure above represents 0.3 mile, which of the following
is most likely the length, in miles, of the road shown from C to D? (B28, 3)
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29) If B = 2(G-5), then G = (B29, 1)

30) Which of the following expressions is NOT equivalent to the others? (B30, 1)

31) In one year, a funding agency spent the following amounts on five projects.
Project 1: $ 19,256,413
Project 2: $ 7,986,472
Project 3: $ 11,010,218
Project 4: $ 754,194 d
Project 5: $ 4,918,975
The total amount spent on these five projects, in millions of dollars, was most
nearly (B31, 1)

32) A square-topped cake is uniformly iced on its top and sides. Which of the
following figures shows a way to slice the cake so that each piece has the same
amount of icing? (B32, 3)

33) If

= T-S, then
R

= (B33, 1)

34) The four shapes below are made up of identical squares and identical right
triangles. If two sides of each triangle have equal length, which of the four shapes,
if any, has the least perimeter? (B34, 3)
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35) On a certain day, high tide occurred at 8:54 a.m. and again at 9:26 p.m. What was
the length of time between the two high tides? (B35, 3)

36) Which of the figures below could be used to disprove the statement “If all sides of
a polygon are equal in length, then all angles of the polygon are equal in
measure?” (B36, 3)

37) If the width of the rectangle above is doubled and its length is halved, then the area
of the new rectangle is given by the formula? (B37, 1)

38) In a design all isosceles triangles are shaded. In the design some isosceles triangles
are right angles. Which of the following conclusions about the design is valid if the
statements above are true? (B38, 3)

39) What number is halfway between ⅔ and ¾? (B39, 2)

40) Which of the following numbers is written in scientific notation? (B40, 1)
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Coding: 1 = numbers & operations, 2 = Algebra, 3 = Geometry and measurement
Coding: = A represents Test 2 and the number following A represents the question
number

1) The Lopez family plan to drive 250 miles on the first day of their vacation and at
most 70 miles on each of the next 4 days to allow time for sightseeing. At most,
how many miles, do they plan to drive during their 5 days of vacation? (A1, 3)

2) Which of the following is equivalent to 2.75? (A2,1)

3) Donald planted more than 8 bushes and more than 8 bushes and more than 4 trees
on his new lot. What is the minimum total number of bushes and trees that Donald
planted? (A3,3)

4) The graph above shows the percent of a company’s yearly budget distributed to
each of its five departments. What percent of the company’s yearly budget is
distributed to Department U? (A4, 2)

5) Jackie wants to make bags of candy so that each bag contains 25 pieces of candy.
If Jackie has a total of 562 pieces of candy. What is the greatest number of bags of
candy that she can make? (A5, 1)

6) Which of the following units of measure is most appropriate for reporting the
distance between City A and City Z? (A6,3)
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7) The table above shows the number of classrooms in each of the three schools in a
certain school district. A fourth school is to be built in the district. How many
classrooms should be in the fourth school if the average (arithmetic mean) number
of classrooms per school is to be 30? (A7, 2)

8) What digit is in the tenths place of the number 543.712? (A8, 1)

9) A map is drawn with a scale of 1 inch representing 6 feet. How many inches on
the map would represent 18 feet? (A9, 3)

10) Of the following, which is the closest approximation of 72,059 ÷ 794? (A10, 1)

11) The relationship between which of the following could be represented by the four
points in the graph above? (A11, 2)

12) If the range for the data listed above is 34, which of the following CANNOT be
the value of x? (The range is the difference between the greatest and the least
numbers in a set of data.) (A12, 2)
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13) The table above lists the specialties of the 80 doctors in a certain medical group by
length of time in the group and by gender. What fraction of the doctors in the
group are female surgeons who have been in the group for more than ten years?
(A13, 2)

14) If 3x + 5y = 30 and x + y = 5, then 2x + 4y = (A14, 1)

15) Four stamp collectors met to trade stamps. The number of stamps each collector
brought to trade is shown in the graph above. At the end of trading, Bob had 105
stamps, Jen had 165, and Phil had 75. How many stamps did Deb have? (A15, 2)

16) Each of the students in two classes applied for a merit award. One of the classes
had 30 students, 1 of whom received a merit award. The other class had 33
students, 2 of whom received a merit award. If no student is in both classes, what
fraction of the students in the two classes received a merit award? (A16, 1)

17) Claire bought 6 packages of pencils, with 24 pencils in each package. Claire would
have had the same number of pencils if she had bought (A17, 1)

18) In the figure above, if v = 30 and z = 70, then w = (A18, 3)

19) Which of the following numbers can be used to show that the square root of a
number is NOT always less than or equal to the number? (A19, 3)
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20) In the decimal number above, the first five digits to the right of the decimal point
are 2, 1, 5, 6, and 3. These digits repeat indefinitely in that order. What is the 87th
digit to the right of the decimal point? (A20, 2)

21) In a high school club, 42 members own a bike and 36 members own in-line skates.
Of the club members who own a bike or in-line skates, 24 own both a bike and inline skates. If there are 56 members in the club. How many members own neither?
(A21, 3)

22) A total of 100 people responded to the survey question “Do you regularly play
video games?” The table above shows the number of “yes” responses for various
age-groups. What is the probability that a person chosen at random from the 100
people who responded to the survey is age 26 or older and plays video games
regularly? (A22, 1)

23) Norbert took a job selling magazines. The first week he earned x dollars. The
second week he earned two dollars less than he earned the first week, and the third
week he earned one dollar less than three times what he earned the second week.
Which of the following represents the amount of money, in dollars, that Norbert
earned the third week? (A23, 2)

24) The table above shows the net income of a small company in 2000 and 2001. For
each of the next two years, the percent increase of the company’s net income is
equal to the percent increase from 2000 and 2001. Which of the following is closest
to the company’s net income in 2003? (A24, 2)
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25) A club has a total of n members. If k of the members play chess, which of the
following represents the fraction of the club membership that does NOT play
chess? (A25, 1)

26) In the formula M = x2/y, if x is tripled, then the value of M will be (A26, 1)

27) In table above, the sum of the numbers in each row, column, and diagonal is 15.
What number should be in the box directly below the box containing 5? (A27, 2)

28) Ms. Smith wants to give 5 nickels to each of 5 children. She has 75 cents worth of
nickels. How many more nickels does she need? Which of the following can be
used to find the answer to the question above? (A28, 1)

29) Each of the circles in the Venn diagram above represents a club, whose
membership is given by the numbers shown. How many students are numbers of at
least two of the three clubs? (A29, 3)

30) If p = 0.4997 x 0.5003 x 0.4998, which of the following is true? (A30, 1)
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31) The figure above represents a rectangular rug with a solid center and 2-foot-wide
flowered border. What is the area, in square feet, of the rug’s flowered border?
(A31, 3)

32) Which of the following is greatest in value? (A32,1)

33) Luann multiplied 129 by 312 instead of by 3.12. Which of the following can she do
to her results to get the correct answer? (A33, 1)

34) If a store sold 45 chairs last month and 30 chairs this month, what was the percent
decrease in the number of chairs sold? (A34, 1)

35) F, H, J, N, and Q are positive numbers. F is less than J but greater than N, J is less
than H but greater than Q. If Q is less than F but greater than N, which of the
following orders the numbers from least to greatest? (A35, 2)

36) What is the length of RT in right triangle RST above? (A36, 3)
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37) A total of 15 salesperson had an average (arithmetic mean) of 16 sales each during
a 3-day sale. The total price for the purchases was $132,000. What was the average
purchase price during the sale? Which of the numbers in the problem above are
needed to answer the question? (A37, 1)

38) According to the inequalities above, if a, b, and c are integers, which of the
following could be the value of c? (A38, 1)

39) Inside the square above, how many points have integer coordinates (x,y) such that x
is greater than y? (A39, 2)

40) If a, b, and c are positive numbers, which of the following must be true? (A40, 1)
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Coding: 1 = numbers & operations, 2 = Algebra, 3 = Geometry and measurement, 4 = data
analysis and probability
Coding: C = Test 5 and the number following C represents the question number
1) According to the Venn diagram above, how many students are studying all three of the
languages? (C1, 4)

2) How many of the six numbers shown in the table above have 5 in either the hundredths
place or the thousandths place? (C2, 1)

3) It took Meghan 4 days to write a certain paper. She wrote 11 pages on the first day, 15
pages on the second day, and 7 pages on the third day. If Meghan wrote an average
(arithmetic mean) of 12 pages per day, how many pages did she write on the fourth
day? (C3, 4)

4) For a point with coordinates (x,y) on the line shown, x and y, respectively, could
represent (C4, 3)

5) In the graph above, vertex S of figure RSTW has the coordinates (15, 9). If RSTW is
reflected across the x-axis, what are the coordinates of the image of vertex W? (C5, 3)

6) If 2/9 x – 1=1, what is the value of x? (C6, 2)
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7) A dexterity test was given to 164 job applicants. The bar graph above summarizes the
time needed for each applicant to complete the test. Approximately what percent of the
applicants took at least 60 seconds to complete the test? (C7, 4)

8) On the number line above, point Q (not shown) is located 3 units from point P, and
point R (not shown) is located 1 unit from point Q. Which of the following could be the
coordinate of point R? (C8, 3)

9) If the result printed according to the flowchart above was 49, the input values for x and
y could have been which of the following? (C9, 3)

10) All odd integers are prime numbers. Which of the following numbers is a
counterexample to the statement above? (C10, 1)

11) A new animated movie had a premiere showing at a certain theater. The admission
price was $9 for an adults’ ticket and $5 for a children’s ticket. There was a total of 650
tickets sold to the premiere showing. Together with the information above, which of the
following pieces of information about the premier could be used to determine the number
of adults’ tickets sold? (C11, 2)

12) The pictograph above shows the number of pizzas sold at a pizzeria during three days. If
a total of 240 pizzas were sold during the three days, how many pizzas were sold on
Saturday? (C12, 2)

100

13) √8x72 = (C13, 1)

14) The figure above is a parallelogram. If 58 < t < 70, which of the following could be the
value of k? (C14, 3)

15) If 26 is r percent of 65, what is r percent of 95? (C15, 1)

16) Of the following, which number is greatest? (C16, 1)

17) A solid rectangular block is 5 feet long, 2 feet wide and 8 feet high. What is the volume
of the block, in cubic feet? (C17, 3)

18) On a certain day, the temperature was 37°F at 10 A.M. and 49°F at 1 P.M. If the
temperature rose at a constant rate from 10 A.M. to 1 P.M. on that day, what was the
temperature at 11 A.M.? (C18, 4)

19) The figure above is a floor plan in which all adjacent sides meet at right angles. What is
the perimeter of the floor? (12 inches – 1 foot) (C19, 3)

20) Steven’s scores on the 7 monthly vocabulary quizzes he took in his English class are
shown above. In which month was Steven’s vocabulary quiz score equal to the median
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of his 7 vocabulary quiz scores? (When n is an odd positive integer, the median of n
numbers is the middle number when the numbers are ordered from least to greatest.)
(C20, 4)

21) Which of the following is equivalent to 3/xk ÷ k/4 if xk ≠ 0? (C21, 1)

22) The line in the xy-plane above is the graph of which of the following equations? (C22, 2)

23) Derren will drive 42.3 miles from home to his doctor’s office. Then he plans to drive 24.4
miles from the doctor’s office to a department store. Finally, he will drive 48.5 miles
from the department store to home. If Derren’s car gets 22 miles per gallon of gasoline,
then the total amount of gasoline his car will use during these three trips is (C23, 1)

24) Which of the following scatterplots best illustrates the trend that as x decreases, y
becomes larger and larger? (C24, 2)

25) If x = ⅕ , which of the following lists x, √x, and x2 in order from least to greatest? (C25, 1)

26) A committee of a state senate consists of 9 Democrats, 6 Republicans, and several
Independents. If one person is to be selected at random from the members of the
committee, the probability that the person selected will be a Democrat is ⅜. How many
of the members of the committee are Independents? (C26, 4)
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27) (1,275 x 0.6) + (0.6 x 725)= (C27, 1)

28) Elena plans to randomly select 2 different letters from the 6 letters in the word
BURDEN. If her first selection is either E or U, what is the probability that her second
selection will be either E or U? (C28, 4)

29) Nassim goes to the gym to work out once every 2 days, and Louisa goes to the same
gym to work out once every 3 days. If both Nassim and Louisa go to the gym today, on
how many of the next 100 days will Nassim and Louisa go to the gym on the same day?
(C29, 1)

30) The speed of an object is 32 feet per second. Which of the following computation gives
the speed of the object in meters per second? (C30, 3)

31) In a certain company, the ratio of the number of female employees to the number of
male employees is exactly 3 to 4. Which of the following could be the total number of
employees in the company? (C31, 1)

32) Last year a company spent $15 million on employee salaries. On a circle graph of the
company’s total expenses last year, the sector representing employee salaries has a
central angle of 100°. Which of the following is the amount of the company’s total
expenses last year, in millions of dollars? (C32, 4)
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33) Each of the following is equivalent to 75% of 60 EXCEPT (C33, 1)

34) In the equation above, a and b are positive numbers. If the values of a and b are each
multiplied by 10, what is the corresponding change in the value of c? (C34, 2)

35) Ned divided a given number by 3 and then added 2. If he should have multiplied the
number by 3 and then subtracted 2, which of the following two steps can he do next to
get the correct answer? (C35, 1)

36) The table above shows this year’s enrollment in each of the four classes at a high school
as a percent of the number of students enrolled last year in that class. Based on the
information in the table, which of the following statements is true? (C36, 4)

37) Which of the following equations, together with the two equations above, will form a
system of three equations such that there is only one value of x that satisfies all three
equations? (C37, 2)

38) In terms of y, what is the area of right triangle RST above? (C38, 3)

39) In triangle ABC above, what is the length of side BC? (C39, 3)
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40) Five people plan to buy a present, sharing the cost equally. If one person decided not to
participate, the cost per person for the other 4 people would increase by $16. What is
the cost of the present? (C40, 2)
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